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INTRODUCTION 

STRATOCUMULLJS CLOUDS T'LAY AG: IMPORl'ANT 
ROLI IN l'RIVINTING CLIMAH Cl-lANGI. Tl:--IISI 
LOW-Uva 11.000-6.500 rn CLOUDS ARE THICK 
AND COVER LARGF ARFAS OF Tl-IF EARTH. THFY RF
FLECT SOLAR Ri\DIJ\TION FROM TI-IE SUK. vVI-TTCH 
I IELPS COOL Tl IE EARTI rs SURFACE. I IOWEVER, 
TI-TERI IS BILITVID TO BI A DICRIA5E TN STRATO
ClJMULLJS CLOUDS. INCREASING GREENHOUSE GAS 
EMISSIONS TRIil' MORI HIAT AND BRii\KUP STRA
TOCUMULUS CLOUD DKKS. THIS BRU'\KUP CAUSES 
LISS CLOUD COVERAGE. THUS l'ROMOTING GLOBAL 
WARMING. IT'S A T'OSITIVE rHDBACK LOOT' THAT 
FURTHERS GLOBAL WARMING AND STRATOCUMU
LUS CLOUD BREAKUP. WE CURRENTLY DO NOT 
I !AVE AN ACCURATE PERCE;',,!TAGE OF CLOUD 
COVIR NOR AN UNDIRSTANDTNC or HOW THAT 
PERCE;',,!TAGE IIAS CHANGED OVER TIME. 

METHODOLOGY 
THE rlRST STH' Rff.lUIIUS Tl-lie USt OF A BLUR 
METHOD. f\OTI-I A GAUSSIAN BLUR AND A MEDIAN 
BLUR WERE TESTED FOR THIS. TI-IEY REQUIRE A 
SPECIFIC KERNEL SIZE TO DETERMl;',,IE Tl IE AREA 
TI-TAT TS BLURRID, I.I. A LARCIR KIRNIL RISULTS 
IN A STRONGlcR BLUR AND A SMALLrn Kl'RNlcL RE
SULTS IN A WEAKER BLUR. rURTI-IIR, THI KIRNIL 
SIZE MUSJ' BE AN ODD NUMBrn IN ORDrn FOR A 
CENTRAL PIXEL TO ALWAYS BE PRESENT. VALID 
KrnNEL SILES ARE 3X3, SX',, 7X7, AND SO ON. THt 
MEDIAi\: BLUR REQUIRES A SQUARE !MACE AND 
ENSURES THAT A SQUARE KERNEL IS CHOSE!'\'. TI-IE 
GAUSSIAN BLUR, I IOWEVER. DOES NOT REQUIRE A 
SC.:lUARI IMACI, NOR A SQUARI KIRNIL SINCI TI-TI 
DATASH IS ONLY SQUARE ltv1AGES, 

Median Blur Gaussian Blur Centroids without Blur 

ONE OF THE ALGORITHMS THAT WILL P,E ANALYZED 
IS K-MEA;',,!S CLUSTERING. Tl IIS PROCESS INVOLVES 4 
STIPS: 

L K DATA l'OINTS ARI RANDOMLY SfLICTID AS INI
TIAL CENTROIDS. 

2. EACH PIXEL IS ASSIGNED 10 A ClcNTROID BASED 
ON A DISTANCF METRIC 

3. Tl IE AVERAGE IS TAKEN OF EACI I CLUSTER AND AS
SIGNED AS THAT CROUP'S NEW CENTROID. 

4. SUPS 2 AND 3 ARI RII'IATID UNTIL THIRI ISN'T A 
SIGNlrlCANT IMPROVE'v1EJ\:T 

K-MFANS WORKS DIFFFRFNTLY WHFN USFD FOR 
IMAGES RATHER THAK GRAPHED DATA POINTS. TT 
DOES FOLLOW Tl IE SAME PROCESS OF REPEATEDLY 
TAKING Till AVIRAGI or EACH CLUSTER, BUT VvTIH 
l'IXaS. FOR EXAMl'Ll, IF K=4, 4 RANDOM PIXELS WILL 
BI ASSIGNfD AS CENTROIDS, Tl-IIN ALL OTHER PIXELS 
WILL BE ASSIGNED TO ONE Or Till CLUSTERS BASlD 
ON THI SIMILARITY Of l'IXfLS. THI SIMILARITY IS 
ASSESSED BY THE lcLJCLIDEAN DISTANCt Or THI' RGB 
VALUFS. NFXT, THE AVFRAGF. IS CALCULATF.D OF 
EACH CLUSTER AND REASSIGNED AS THE NEW CEN
TROID. Tl 115 PROCESS REPEATS UNTIL NO SIGNIFI
CANT TMPROVIMINT OCCURS. 

THE THRESHOLDING METHODS THAT WERE 
TESTED ARE A SIMPLE TI-IRESHOLD, OTSU, GAUSS
IAN ADAPTIVE, AND MEA;'-,1 ADAPTIVE TIIRESll
OLDTNC. BOTH SIMPLE AND OTSU TI-TRISHOLDS 
A RE PERFORMED GLOBALLY. A SIMPLE Tl l RES! IOLD 
ALLOWS YOU TO CHOOSf A VALUE AND ANY 
VALUl HIGHrn THAN Till THRESHOLD IS SET TO I, 
USUALLY LABELED BY WHlTE. THE VALUES BELOW 
ll-Jl THRlSHOLD ARl SH TO 0, USUALLY LABHlD 
BY BLACK. THE OTSU THRESHOLD WORKS THE 
SAME. BUT IT WILL AUTOMATICALLY CHOOSE A 
THRESHOLD BASED ON TIIE IMAGE DATA. 

RESUJLTS 

TH!c FINAL MODEL UStS A MEDIA[': BLUR WITH A 
9X9 KFRNFL, K-MFANS SFGMFNTATIOJ\: WITH K=6 
CLUSTERS, THEN A SIMPLE THRESHOLD, WATERSHED 
MET! IOD AND FINALLY A CENTROID CALCULATIOJ\: 
MITHOD. THIS MODEL HANDLES Tl-IT EARLIER ISSUE 
VERY WELL; LARGlo CLOUD NtTWORKS ARE BROKEN 
Ul' INTO fACH INDIVIDUAL CLOUD AND THI CEN
TROIDS ARE vrnY ACCURATE THIS MODEL 
ACHIIVfD A flNAL AVERAGE DISTAKCI BETWEEN 
MATCHED CENTROIDS Or 1', PIXl'LS. ONLY 2 UN
MATCHED CHOSEN CENTROIDS A;\JD 8 UNMATCHED 
MODEL CENTROIDS. 
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CONCLUSIONS 

RY USING IMAGF SFCMF!\TATION AND THRESH
OLDING METHODS, WE HAVE DEVELOPED A 
MODEL CAPABLE OF DETECTINC AND TRACK INC 
CHANCES IN CLOUDS OVIR TIME. THE FINAL 
MODES, UTILIZING A MEDIAN BLUR, K-MEANS 
SEG?v1ENTAT10N, SIMl'LE THRESHOLD, AND WA
TERS! JED METHOD, HAS DEMONSTRA!U) SIGNIF
ICANT llVlPROVEMfNTS IN ACCURATELY IDENTI
FYING CLOUD CENTROIDS. LnSPJTE THE ABSE[':CE 
OF GROUND-TRUTH MASKS. 

OUR FINDINCS UNDERSCORE Tl IE IMPORTA;\JCE 
OF ACCURATE CLOUD COVER ESTIMATION FOR 
BOTH KNOWLEDGE OF CLIMATE IMPACT AND 
WfATHER PREDICTION. THE DEVILOPfD METH
ODS PROVIDE A START FOR FUTURE RESEARCH 
Il'\ CLOUD DITICTION AND SEGMENTATION. 
HJRIHER IMPROVEMENTS 01' MORE COMT'RE
I-IF.NSIVF DATASETS COULD REFl!\F THFSF 




