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Mot ivat ion & Prob lem  St at em ent

Real-w or ld  gap :

ML c loud -d et ec t ion 
m odels w ork on 
t rain ing- t im e d at a, f ail 
on new  scenes

Tem p oral sh if t  r isk

Even w eeks/ m ont hs 
apart  → b ig  a ccu racy 

d ro p

Cross-d at aset  r isk

C u ra t e d  → ra w  

Se n t in e l- 2 , o r  t o  o t h e r  

s a t e llit e s  → b ig  

a c c u ra c y d ro p

Cur rent  f ix

Fin e - t u n in g  = s lo w  a n d  

e xp e n s ive

Goal

C re a t e  ro b u s t , 

t ra n s fe ra b le  m o d e ls  

w it h o u t  re t ra in in g

Can w e m ake a c loud  segm ent at ion m od el generalize ac ross t im e and  d at aset s —w it hout  re- t rain ing  every t im e?

Our  hyp ot hesis: using  a l ight w eight  p erc ent ile-b ased  norm alizat ion st ep  
c an red uc e sp ec t ral inc onsist enc ies enough t o  m ake m od els t ransf erab le 

ac ross real-w or ld  c ond it ions
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Researc h Ob jec t ive

1 Im prove generalizat ion of  c loud  det ec t ion m odels.

2 Reduce t he need  f or  f requent  m odel ret rain ing .

3 Evaluat e ef f ec t iveness of  norm alizat ion f or  m ult i- t em poral and  c ross-dat aset  
sat ellit e im agery.
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Key Researc h Design Choic es

Sat ellit e Im agery
• Se n t in e l-2 , Le ve l-1C  (13 b a n d s , 10 m  

re s o lu t io n )

Tra in in g  Da t a s e t

• C lo u d SEN12 +

• Hig h -q u a lit y m a n u a l la b e ls

• Fo c u s e d  o n  t e m p e ra t e  zo n e s

• Ju n e  im a g e ry

Te s t in g  Da t a s e t

• Se n t in e l Hu b  Im a g e

• Au g u s t  im a g e ry

• Re a l-w o rld  t e m p o ra l & d a t a s e t  s h ift

Mo d e l Arc h it e c t u re

• U-Ne t  w it h  Mo b ile Ne t V2  e n c o d e r

No rm a liza t io n  Me t h o d

• 1s t –9 9 t h  Pe rc e n t ile  Min -Ma x p e r  b a n d

Picture 1 Example of Sentinel-2 L1C Image and 
Corresponding CloudSEN12+ Human-Labeled Mask
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Pre-p roc essing  t he Sent inel Hub  Test  Sc ene

1. Dat a ac q uisit ion

• Sent inel-2 Level-1C (13 
bands)
• Level-2A Scene-
Classif icat ion Layer (SCL)

2. Sp at ial 
harm onizat ion

All bands resam p led  
t o 10  m

3. Band  f usion

13 JP2 f iles m erged  → 

s in g le  13- b a n d  

Ge o TIFF

4. Ground - t rut h 
m ask

• SC L → re m a p p e d  t o  C le a r  

/  C lo u d  Sh a d o w  /  C lo u d s

• Ma s k re s a m p le d  t o  10  m  

a n d  c lip p e d  t o  s c e n e  

e xt e n t

5. Pat c h generat ion & 
sc aling

• Sc e n e  t ile d  in t o  2 56  × 2 56  

p a t c h e s

• 1s t –9 9 t h  %ile  m in - m a x 

n o rm a liza t io n  a p p lie d  p e r  

b a n d
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Picture 2 Sentinel Hub image for test ing Picture 3 Generated mask for Sentinel Hub image
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Mod el Arc h it ec t ure & Train ing  Set up
Archit ec t ure

• U-Ne t  e n c o d e r-d e c o d e r  w it h  s kip  

c o n n e c t io n s

• En c o d e r : Mo b ile Ne t V2  (Im a g e Ne t -

p re t ra in e d )

• In p u t : 13 Se n t in e l-2  b a n d s  (2 56  × 256 px 
pat ches)

• Out put : 4 c lasses – Clear, Thick Cloud , Thin 
Cloud , Cloud  Shadow

Training Param et ers
• Op t im izer  Adam , LR 1 × 10 ⁻³
• Lo s s  Mu lt ic la s s  Dic e  Lo s s  (h a n d le s  c la s s  

im b a la n c e )

• 30  e p o c h s , b a t c h  s ize  16 , e a r ly- s t o p  o n  va l 

Io U

Fra m e w o rks

• PyTo rc h  + Se g m e n t a t io n  Mo d e ls  PyTo rc h

• Orc h e s t ra t e d  w it h  PyTo rc h  Lig h t n in g

Eva lu a t io n  Me t r ic s

• C la s s -w is e  & m e a n  Io U

• Ove ra ll p ixe l Ac c u ra c y

Picture 4 U-Net with MobileNetV2 encoder
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Exp er im ent al Set up
Train ing  
Dat aset :

• CloudSEN12+ June 
pat ches (h igh-qualit y, 
t em p erat e zone)
• No norm alizat ion app lied  
in it ially

Baseline Mod el:

• U-Net  + Mob ileNet V2 
encoder t rained  f or 30  
epochs
• Met r ics: IoU (per c lass & 
m ean), accuracy

Test ing  Sc enar ios:

• Int ra-dat aset : 
CloudSEN12+ t est  set  
(sam e d ist r ibut ion)
• Cross-dat aset : Sent inel 
Hub  (August , Lat via)N
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n Norm alizat ion Exp er im ent :

• App lied  1st –99t h %ile m in-m ax 
norm alizat ion p er b and
• Sam e m odel archit ec t ure ret rained  w it h 
norm alized  dat a
• Evaluat ed  w it h sam e m et r ics & t est  
scenar ios

Picture 5 Percentile-Based Min-
Max Normalizat ion Formula

• X: pixel values of a Sentinel-2 band
• P₁ and P₉₉: the 1st and 99th percentiles of that band

(calculated from the training set)
• clip(X, P₉₉, P₁): clamps pixel values to within [P₁, P₉₉] to

remove outliers
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Scenario &  Met r ic Basel ine (No Normal izat ion) Wi th Percent i le-Based Normal izat ion

Intra-dataset (CloudSEN12+ June)

Mean IoU 0.74 0.74 (no change)

Overall Accuracy 93.7 % 93 %

Cross-dataset (Sentinel Hub August)

Clear IoU 0.43 0.61

Cloud Shadow IoU 0.21 0.45

Clouds IoU 0.47 0.53

Overall IoU 0.37 0.53

Overall Accuracy 65 % 73 %

Result s – Transf erab il i t y  o f  Cloud  Segm ent at ion
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Picture 7 Predicted Cloud Mask on Sentinel 
Hub image (without normalizat ion) 

Picture 6 Ground Truth Cloud 
Mask

Picture 8 Predicted Cloud Mask on Sentinel 
Hub image (with normalizat ion) 
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Conc lusions

Perc ent i le-b ased  norm alizat ion im p roved  m od el t ransf erab il i t y  f or  c loud  d et ec t ion, 

m aint ain ing  h igh p er f orm anc e on know n d at a and  b oost ing  ac c urac y on new  d at aset s.

Norm alizat ion esp ec ially  enhanc ed  d et ec t ion of  c loud  shad ow s.

How ever , lab eling  d if f erenc es b et w een d at aset s l im it  i t s ef f ec t iveness—ad d it ional st rat eg ies 

l ike  d om ain ad ap t at ion are need ed  f or  f u l l  generalizat ion.
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