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Algorithm S1. Performance test of clustering methods on synthetic data.
% begin of the MATLAB code

% clean workspace
clear all; close all;

% loop over 100 iteration:
% by each iteration generate a bi-Gaussian distribution with a increasing number of points: 400, 800,... 40000for i=1:100

% define the number of points in each cluster starting with 200 (in both clusters - 400)
N=i*200;

% set random generator to default for better reproducibility
rng('default');

% generate a 2D bi-Gaussian (i.e. two-cluster) distribution of points

% first cluster
pd1x = makedist('Normal','mu',-2,'sigma‘,1); X1 = random(pdix,N,1);
pd1ly = makedist('Normal','mu',-2,'sigma’,1); Y1 = random(pd1y,N,1);

% second cluster
pd2x = makedist('Normal','mu’,2,'sigma’,1); X2 = random(pd2x,N,1);
pd2y = makedist('Normal','mu',2,'sigma’,1); Y2 = random(pd2y,N,1);

% merge both distributions together for subsequent clustering
X=[X1;X2];

Y=[Y1;Y2];

data=[];

data(:,1) = X(:);

data(:,2) = Y(:);

% total number of points in the cumulative distribution
L=size(data,1);

%%%%%%%%%%%%% perform k-means clustering

% start timer
tic
% perform k-means clustering of data

[idx] = kmeans(data,2);

% stop timer
tl =toc;

% save the number of points and calculation time for visualization of results
performancel(i,1) = L;
performancel(i,2) = t1;

%%%%%%%%%%%%% perform spectral clustering

% start timer
tic
% perform spectral clustering of data

[idx] = spectralcluster(data,2);

% stop timer
t2 =toc;

% save the number of points and calculation time for visualization of results
performance2(i,1) = L;
performance2(i,2) = t2;



%%%%%%%%%%%%% perform hierarchical clustering

% start timer
tic

% perform hierarchical clustering of data
[idx] = clusterdata(data,2);

% stop timer
t3 =toc;

% save the number of points and calculation time for visualization of results
performance3(i,1) = L;
performance3(i,2) = t3;

% print output for every iteration
fprintf('i=%d\tL=%d\tkm=%.3f s.\tsc=%.3f s.\thc=%.3f s.\n",i,L,t1,t2,t3);

end % end of the for-loop
% plot calculation time of k-means, spectral and hierarchical clustering as a function of the number of points

figuresubplot(1,2,1)

plot(X,Y,'b.")

xlabel('X');

ylabel('Y');

subplot(1,2,2)
plot(performancel(:,1),performancel(:,2),'b-','LineWidth',2)
hold on
plot(performance2(:,1),performance2(:,2),'g-",'LineWidth’,2)
hold on
plot(performance3(:,1),performance3(:,2),'r-','LineWidth',2)
hold off

xlabel('Number of points')

ylabel('Calculation time, sec.")
legend('k-means','spectral','hierarchical’,'Location’,'northwest')

% end of the MATLAB code



Figure S1. Example of arabidopsis image segmentation (VIS, side view).

Original image All 25 k-means color classes Binary image & convex hull

ROI after ,clean outside”

Overview of all and selected plant k-means color classes
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Figure S2. Example of arabidopsis image segmentation (VIS, top view).

Original image All 25 k-means color classes Binary image & convex hull

G

Segmented image

Overview of all and selected plant k-means color classes
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Figure S3. Example of arabidopsis image segmentation (FLUO, side view).

Original image All 25 k-means color classes Binary image & convex hull

ROI after ,,clean outside” 12 selected plant color classes Segmented image

Overview of all and selected plant k-means color classes
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Figure S4. Example of arabidopsis image segmentation (FLUO, top view).

Original image All 25 k-means color classes Binary image & convex hull

ROI after ,clean outside” 14 selected plant color classes Segmented image

Overview of all and selected plant k-means color classes
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Figure S5. Example of barley image segmentation (VIS, side view).

Original image All 25 k-means color classes Binary image & convex hull
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ROI after ,clean outside” Segmented image

Overview of all and selected plant k-means color classes
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Figure S6. Example of barley image segmentation (VIS, top view).

Original image All 25 k-means color classes Binary image & convex hull

G

4 selected plant color classes Segmented image

Overview of all and selected plant k-means color classes

1 {FO83 124} 2 9295 a5 3112 121150} 4 {3489 101} {3543 63)

10.46% (3174 P} 0.49% (3352 P) 0.51% {3527 P
& (5357 &2) 7 B0 66 52 8 {120 122131} 9 {3448 93

[

1.04% {7147 F) 1.83% {12913 F} 2.07% {14274 )

0.73% (5058 P}

2.21% {15223 F}

11 {42 62 126) 14 (135138 155 15{153 158 187}

2.51% (17262 P} 2.54% {17507 P} 2.67% {18394 P} 2.74% {18390 P} 3.18% (21790 P}
16 {33 32 37 ) 17 {158 162 182} 14 {180 184 208} 13 (181147 202}

3 84% (20426 P 4.09% {28149 P) 4 1% {23325 P} 4 25% {2243 P) 4.31% (20861 F)

21 {38 58 113

22 (1511 13) 23 {204 209 224} 24 (199203 226 25 (210213 234}

1374% (MET4P) 15.67% (107864 P} 16.41% (112983 P}




Figure S7. Example of barley image segmentation (FLUO, side view).

Original image All 25 k-means color classes Binary image & convex hull

Segmented image

ROI after ,clean outside”

Overview of all and selected plant k-means color classes
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Figure S8. Example of barley image segmentation (FLUO, top view).
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Binary image & convex hull

ROI after ,clean outside”
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Segmented image

Overview of all and selected plant k-means color classes
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Figure S9. Example of maize image segmentation (VIS, side view).

Original image All 25 k-means color classes Binary image & convex hull
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Figure S10. Example of maize image segmentation (VIS, top view).

Original image All 25 k-means color classes Binary image & convex hull
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4 selected plant color classes Segmented image

Overview of all and selected plant k-means color classes

1 {3647 22} 2 {155 186 101) 3 (7296 103) 4 {130 134 a0}

0.42% (2306 F) 0.48% {3384 P} 0.43% (3800 F} 0.55% {3838 F) 0.63% (4381 F}
7 {110 135 81) 8 {172 170123} 9 [@3 100 52} 10 {3062 12 153)

L

0.83% (B185 P} 0.95% (8575 P} 1.40% {9718 P) 1.51%{ 10513 P)
12 (72 110 144) 13 (205245 183) 14 (36 26 29} 15 (2021 16}

B {132 131 102}

0LBA% (4731 )
11 {57 a2 128)

1.82% {12547 P} 2.91% (2213 P)

16 {252 251 208} 17 {74 105 38)

2.34% (16238 P} 2.58% (17948 P) 2.68% (18665 F)
18 @1 124 169} 13 {88 107 158}

3.95% (27447 P)

3.32% {23108 P L65% (25347 P}

A.71% (25779 P) A.88% (27010 P}
21 (254254 231) 22 (51 52 &2) 23 {51 78 27 ) 24 {80 91 29} 25 (255255 255}

4.33% (30092 P) S22% (314 P) 5.36% (37244 P) 6.18% (42977 P) 40 09% (ZTET54 P}




Figure S11. Example of maize image segmentation (FLUO, side view).

Original image All 25 k-means color classes Binary image & convex hull

ROI after ,,clean outside” Segmented image
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Figure S12. Example of maize image segmentation (FLUO, top view).

Original image All 25 k-means color classes Binary image & convex hull

ROI after ,clean outside” 12 selected plant color classes Segmented image

Overview of all and selected plant k-means color classes
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Figure S13. Example of segmentation of leaf speckles (RGB).
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Overview of all and selected k-means color classes
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Figure S14. Example of segmentation of leaf speckles (RGB).

Original image Segmented image

Overview of all and selected k-means color classes
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Figure S15. Example of segmentation of cherry tree image (RGB).

Original image Segmented image

Overview of all and selected k-means color classes
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Figure S16. Example of segmentation of apple tree image (RGB).

image Segmented image

-

Original

Overview of all and selected k-means color classes

1 (241 116 81)

2 (185 112 32) 3 (138 25 11)

5 (97 71 16)

4(73195)

0.73% (44344 P)

0.97% (58742 P) 0.99% (60237 P) 1.20% (72909 P) 1.58% (96073 P)

7 (223 218 179) B (93 88 55) 9 (158 146 100} 10 (211 209 136)

1.65% (99723 P) 1.95% (118222 P)  2.21% (133659 P) |  2.31% (140023 P) | Z2.46% (148121 P)

11 (130 139 69) 12 (189 163 64) 13 (178 180 94} 14 (134 116 33) 15 (50 46 10)

261% (158494 P} | | 2.72% (184617 P) | 2.72% (164684 P} | 3.26% (197317 P) | | 4.17% (252848 P)

16 (170 176 47} 17 (78 79 13) 18 (71 95 9) 19 (130 159 30} 20 {102 111 18}
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Figure S17. Example of segmentation of orange tree image (RGB).

Original image Segmented image

Overview of all and selected k-means color classes
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2193 119 11) 22 (119143 13) 23 (119123 10} 24 (138 179 221) 25 (75154 251) I
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Figure S18. Example of microscopic image segmentation (RGB of CLSM).

Original image Segmented green channel image

Overview of all and selected k-means color classes
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5.63% (50034 P) [l | 14.84% (155585 P) | 44.98% (471429 P)



Figure $S19. Examples of ASCII (a) and MATLAB workspace (b) output files generated

by the kmSeg tool for every segmented image.

(@)

(b)

Variable names
km_n:
plant_classes:
nonplant_classes:
class_i_color:
class_i_color:

number of km-classes

sequence of km-class IDs related to the plant
sequence of km-class IDs not related to the plant
mean R G B color values of kin-classes i

number of pixels within km-class i

i | temp \

[£] 1x1 struct with 19 fields

[ isroISelected
(H isNormalized
] laplace

Field « IValue
pix_labels 2454x1399 double

V] colorMatStage  4x4 logical
a8 n_n -
HH k_n 10
[ scal_fac 1
H ispca 1
( isica 0
(- medobj_pca 10x10 double

| medobj_csim  10x10 double
] medobj_rgb 10x3 double
[ COEFF 10x10 double
[ SCORE 173359x10 double
HH LATENT [1.3054e+04:43...
(H tsquare 173359x1 double
H explained [95.0083;3.1437;...
HH mu [0.2633 0.4034 0...

L
0
0

Examples of variable values:
km_n: 10
plant_classes: 1 2

class_1_npixels: 3048

pixel labels

color-class (de)selected

size of visualization matrix
number of k-means classes

image scale factor

flag. is PCA used

flag. is ICA used

medians of class PCA scores
median of class color space values
median of class RGB values
MATLAB PCA coefficients
MATLAB PCA scores

MATLAB PCA latency values
MATLAB PCA tsquare values
MATLAB PCA exaplained values
MATLAB PCA mu values

flag, is ROI selected

flag. is normalized

flag. use Laplace filter

nonplant_classes: 3 456 7 8 9 10
class_1_color: 63 104 54



Table S1. Overview of phenotypic traits automatically calculated using kmSeg.

Trait name Comments

ImageMame Full path and name of the analyzed image

Shoot Area Mumber of segmented plant pixels

BBX area Area of the bounding box of segmented image (in pixels*2)

Shoot Area to BBX Area |Ratio between the shoot area and bbx area

BBX Height Height of segmented plant (in pixels)

BBX Width Width of segmented plant (in pixels)

Mean X Mean coordinate of plant pixels projected onto the horizontal axis (X)
Stdev X Stdev of coordinates of plant pixels projected onto the horizontal axis (X)
Mean Y Mean coordinate of plant pixels projected onto the horizontal axis (Y)
Stdev Y Stdev of coordinates of plant pixels projected onto the horizontal axis (Y)
CHArea Area of segmented convex hull (in pixels*2)

CH Area to BBX Area Ratio between the area of the convex hull and bbx area

Shoot Area to CH Area Ratio between the plant area and area of convex hull

R mean Mean red intensity of segmented plant

R stdev Stdev of red intensity of segmented plant

G mean Mean green intentsity of segmented plant

G stdev Stdev of green intensity of segmented plant

B mean Mean blue intensity of segmented plant

B stdev Stdev of blue intensity of segmented plant

H mean Mean H color intensity (HSV space)

H stdev Stdev of H color intensity (HSV space)

S mean Mean S color intensity (HSV space)

S stdev Stdev of S color intensity (HSV space)

Y mean Mean V color intensity (HSV space)

W stdev Stdev of V color intensity (HSV space)

L mean Mean L color intensity (Lab space)

L stdev Stdev of L color intensity (Lab space)

a mean Mean a color intensity (Lab space)

a stdev Stdev of a color intensity (Lab space)

b mean Mean b color intensity (Lab space)

b stdev Stdev of b color intensity (Lab space)

hsy_H mean Mean H color intensity (HNY space)

hsy_H stdev Stdev of H color intensity (HNY space)

hsy_Smean Mean N color intensity (HNY space)

hsy_S stdev Stdev of M color intensity (HNY space)

hsy_Y mean Mean ¥ color intensity (HNY space)

hsy_Y stdev Stdev of ¥ color intensity (HNY space)




