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MOTIVATION

CLOUDS ARE THE DOMINANT SOURCE OF SMALL-SCALE
VARIABILITY IN SOLAR RADIATION

V ARIABILITY IS CRITICAL IN “STAND-ALONE" OR “GRID
CONNECTED"” PVPS (BIG INSTALLED CAPACITY)

THE CLOUD’S HEIGHT IS AN IMPORTANT TOPIC TO TIME
THE RADIATION VARIABILITY.

MODELS EXISTS:
e  FOR LOW-COST IN SUN POSITIONING,

* (SOME) FOR CLOUD MOTION DESCRIPTION,
BUT FEW HAS ACCURATE HEIGHT ESTIMATION.

GOLD GOAL

A LOW-COST TECHNOLOGY (IMPLEMENTATION + HARDWARE)
FOR AREAL IRRADIANCE FORECAST



MOTIVATION

e WHY IS RELEVANT TO KNOW THE HEIGHT2
Cloud Base Height




Data range for analysis

Uni-Oldb|CampusWechloy-ZOll()SzléB/O? 11:33 - 2015/05/07 11:35 CLOUD MOT|ON VECTORS FROM
RADIATION SIGNAL MEASUREMENTS

0
11:33:49 11:34:37 34:42
Prepared by: Raul Granados
Last Update: 2015/11/29 18:46 UTC

LINEAR CLOUD EDGE (LCE) METHOD:

* INTRODUCED BY BOSCH, ET AL., [1]
ASIDE WITH THE SIBLING METHOD: “MOST CORRELATED PAIR"

* ARRANGE OF THREE PYRANOMETERS IN AN RIGHT-ANGLED TRIANGLE

*  KINEMATIC CHARACTERISTICS OF THE CLOUD
(FROM GEOMETRY AND TIME SHIFT OF THE IRRADIATION SIGNAL RAMP)

—

tor2 — toE1 D
tONZ -sina + tOEZ cCOS

a = arctan [—
ton2 — ton1



Data range for analysis

Uni-Oldb|CampusWechloy-ZOll()Szlé)5/07 11:33 - 2015/05/07 11:35 CLOUD MOT|ON VECTORS FROM
RADIATION SIGNAL MEASUREMENTS

IMPROVEMENT;

* FOCUSING ON CLOUD EVENTS AND TIME
SHIFTS ROBUSTNESS.

» NEW APPROACH:

11:33:49 0 11:34:37 . S IG34:22
Last Update: 2015/11/29 18.46 UTC ° CLOUD EVENT DETECT]ON (CED)
LINEAR CLOUD EDGE (LCE) METHOD: ALGORITHM
+
* INTRODUCED BY BOSCH, ET AL., [1]
ASIDE WITH THE SIBLING METHOD: “MOST CORRELATED PAIR" * MAXIMA PAIRING
(MAXIMA ENTRANCE — MAXIMA RETREAT)

* ARRANGE OF THREE PYRANOMETERS IN AN RIGHT-ANGLED TRIANGLE +

*  KINEMATIC CHARACTERISTICS OF THE CLOUD

e (CROSS-CORRELATION
(FROM GEOMETRY AND TIME SHIFT OF THE IRRADIATION SIGNAL RAMP)

(PYRS WITH PYR3) AND (PYRS WITH PYR4)

Three Pyranometers’ Signal



EXPERIMENTAL SETUP... METHODS

Ali gn ment
1-‘-1-8.-‘}15"‘

RADIATION SIGNALS:

* |RRADIANCE SIGNAL MEASUREMENTS

* PYRANOMETER USED ARE EKO ML-01
e 10HZ (SAMPLE RESOLUTION)

« D =13.78M (DISTANCE BETWEEN
PYRANOMETERS)

+ “O-N" SIDE = 148.42°



CLOUD MOTION VECTORS FROM SKY IMAGER

USAGE OF OPTICAL FLOW
IMAGE INTERVAL 105S

LENITHAL AND AZIMUTHAL POSITION OF EACH VECTORS
INITIAL AND TERMINATE POINT IN THE NON-RECTIFIED
IMAGE

FILTER ONLY VECTORS FOR CLOUDS HEADING THE SUN




METHODS

CLouD BASE HEIGHT:
e MATCH CMVS FROM SKY IMAGER...

hix - (tan@;, - sin@;, —tan @;_ - sin <pl-1)
At

e

lug,—i, | =

lp—iq

+

e ... WITH THE CMVS FROM TPS

Vrps = V;

Z_il

e THEN HEIGHT CAN BE KNOWN:

ot m
] - At [g : s]
= - " %

tan6;, - sing;, —tan6; -sing; 1

ix



SKY IMAGER;

CMYV DATABASE (2 Az & 2 ZE) WITH 10S SAMPLE
RESOLUTION

METEOROLOGICAL STATION (ENMET):

WIND SPEED AND WIND DIRECTION (15AVERAGE)

RADIOSONDE MEASUREMENTS:

DAILY WIND SPEED AND WIND DIRECTION AT DIFFERENT
HEIGHTS (12 UTC)

DATA & METHODS

CEILOMETER;

o WMO STATION 10210. FRIESOYTHE/ALTENOYTHE, 40KM
FROM ARRANGE.

NUMERICAL WEATHER PREDICTION:

« CLOUD BASE HEIGHT AS PROVIDED BY THE ECMWEF, GRID
POINT OLDENBURG (0.125°x 0.125°) WITH 3H TEMPORAL
RESOLUTION.

SATELLITE IMAGERY:

CLOUD TOP HEIGHT. DOWNLOADED FROM EUMETSAT,
GRID POINT OLDENBURG WITH 15MIN SAMPLE
RESOLUTION.

10
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CLOUD MOTION VECTORS FROM TPS METHOD

) Cloud Events Reco%nition ers
Uni-Oldb | Campus Wechloy - 2015/05/07 11:33 - 2015/05/07 11:35

» MANUAL EVENT SELECTION: :
« 2015/05/07 FROM 11:33H 10 11:35H UTC

* AUTOMATE SELECTION OF THE SELECTED EVENT: ' e

— Pyr5S +++ 0 slope +-LocallLim
> > EvMS +-5; Lim)f(Gmax)
— Slp5

+—5, StableLim)f(Gmax)

33:45 34:00 34:30 34:45 35:00 35:15

Prepared by: Raul Granados
Last Update: 2015/11/25 21:16 UTC




CLOUD MOTION VECTORS FROM TPS METHOD

Cloud Shadow's speed and direction compared to Sky Imager
Uni-Oldb | Campus Wechloy | 2015/05/07 07:00-19:00 UTC

» MANUAL EVENT SELECTION:
« 2015/05/07 FROM 11:33H 10 11:35H UTS
*  AUTOMATE SELECTION OF THE SELECTED EVENT;

o AUTOMATE TPS OVER 1 DAY ANALYSIS:
o 35 EVENTS (FROM 166 MAXIMAS)

o 29 EVENTS WITH CONGRUENT AND ACCEPTED ACCURACY
(V<50 M/s)
( Az £30° DAILY AVERAGE )

- \/Cs per event - Wing direction - AZ per event

e 2 EVENTS HAVE AZ AT 180° DIFFERENCE
(65° AND 82°)

» 6 EVENTS WITH UNREAL SPEED
(FROM 68.9 M/s UNTIL 703 M/S)

imuth [®]

AZ




CLOUD BASE HEIGHT WITH TPS-SKY METHOD

CBH, CMV,,_ ... and Pyranometer's signal
Uni-Oldb | Campus Wechloy | 2015/05/07 07:00-19:00

RUN WITH THE SAME 35 CMV EVENTS:
e SKY IMAGER'S CMVS (476 IMGS.) WITH SECTOR FILTER

 NEGLECTED EVENTS:
* UNREAL SPEEDS (ARE THE 6 CMVS FROM TPS)

e "“OUT OF LIMIT" HEIGHTS
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*  UNREAL HEIGHTS FOR CLOUDS (>10 KM)

13:00: 15:00:
Time lapse of analysis




CLOUD BASE HEIGHT WITH TPS-SKY METHOD

Comparison with Radiosonde from 10113 Station in Norderney CBH, CMV,, ....... and Pyranometer's signal
Uni-Oldb | Campus Wechloy | 20150507 Uni-Oldb | Campus Wechloy | 2015/05/07 07:00-19:00

| — . RadioSWdir @@ CloudAz - - RadioSWsp @ @ Cloud Vcs|
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Averaged Cloud Base Height

TPS-Skyl = Height per event PyrS Smoathed
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Direction [9] Speed 'm/s| 07 07:00: 11:00: 13:00: 15:00: 17:00: 19:00:
" Prepared by: Raul Granados Time lapse of analysis Prepared by: Raut Granados
Last Update: 2016/03/05 17:39 UTC e Y Last Update: 201604017 20:0) UK

GHI W /m*

Prepared with information from weather.uwyo.edu




CLOUD BASE HEIGHT WITH TPS-SKY METHOD

CBH, CMV,,_ ... and Pyranometer's signal Comparison with Radiosonde from 10113 Station in Norderney
Uni-Oldb | Campus Wechloy | 2015/05/07 11:00-12:00 Uni-Oldb | Campus Wechloy | 20150507

- RadioS Wdir @ @ Cloud Az — - RadioSWsp @@ Cloud V(.:.]

Averaged Cloud Base Height |m|
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Cloud Shadow Azimuth |
Height from Radiosonde and CBH |m|

TPS-Skyl - Height per event - Speed per event - AZIMULH per event - Pyt5 S-nou!hed]
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11:00:00 11:10:00 11:20:00 11:30:00 11:40:00 11:50:00 12:00:00 Direction ¥ Speed m/s]
Time |lapse of analysis Fropiared by: Rauk Geanacos Frepared by: Raut Granados
Last Update: 20160316 19-16 UTC Prepared with information from weather.uwyo.edu Last Upddate: 20160316 19-32 UTC




CLOUD BASE HEIGHT WITH TPS-SKY METHOD

Cloud Heights Comparison with CBH from TPS Algorithm
Uni-Oldb | Campus Wechloy | 2015/05/07 07:00-19:00

|~ < TPS-Skylm — Ceilometer @ ® NumWeaPre —~  CloudTopHe === h_avg per event

17:00: 19:00:
Pregared by: Raul Granados
Last Update: 2016/03/05 17:39 UTC




CLOUD BASE HEIGHT WITH TPS-SKY METHOD

Cloud Heights Comparison with CBH from TPS Algorithm
Uni-Oldb | Campus Wechloy | 2015/05/07 11:00-12:00

[ TPS-Skylm — Ceilometer @ @ NumWeaPre CloudTopHe == h_avg per ev‘en(]

0 n 1 "

11:00:00 11:10:00 11:20:00 11:30:00 11:40:00 11:50:00 12:00:0
Prepared by: Raul Granados

Last Updaté: 2016/03/16 19:16 UTC
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« COMBINE CMV FROM CAMERA AND SATELLITE

COMPARISON WITH OTHER METHODS (E.G. TRIANGULATION)
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QUESTIONS 2

OF THE WIND,
BUT I CAN
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