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Contenido del proyecto
Las técnicas de evaluacién de la salud estructural abordan el problema de la
identificacion de dafios a través de cambios observados en los parametros medidos o
estimados con respecto al sistema monitoreado. Se pueden clasificar como métodos de
deteccion locales y globales. Los métodos se basan en los cambios medidos en la
respuesta vibratoria espacio-temporal inducida en las estructuras. La respuesta a la
vibracion depende de las propiedades fisicas de una estructura (masa, amortiguacién y
rigidez) que pueden verse alteradas cuando surge un dafo. Estos cambios pueden servir
como un indicador de la apariciéon temprana de dafios para la evaluacién estructural. En
las ultimas décadas, se han realizado una cantidad considerable de contribuciones en el
campo de los métodos de END (ensayos no destructivos) basados en la vibracion.
Estos métodos se pueden clasificar segun:
* El nivel de identificacion pretendido,
* Basados en modelos finitos, o experimentales
* Lacorrelacion del dominio utilizado, segun 3 categorias de dominio

— Respuesta espacio-Temporal

— Respuesta espectral-Espacial

— Enlas formas de deflexion operacional

En cuanto al alcance, la identificacion del dafio se puede abordar como un proceso de 4
pasos: identificar la existencia de dafio, determinar su ubicacion geométrica, evaluar la
gravedad de los dafios y predecir la vida util restante de la estructura.

En general, la bibliografia revisada revela numerosos enfoques, métodos y esquemas, y
demuestra claramente que no existe un acuerdo generalizado sobre el método éptimo
para realizar el diagnostico.

Objetivos principales

Desarrollo de un nuevo Sistema basado en una plataforma IoT (Internet of Things) para
evaluar de manera auténoma, remota y en tiempo real, la integridad de torres eléctricas
y de telecomunicaciones a partir de su comportamiento vibratorio.

Fases del proyecto
I Gestién y Coordinacién del Proyecto
Il Evaluacion de la seguridad estructural mediante la correlacion del patrén
espectral de vibracion
Ill.  Disefio de un sistema basado en la plataforma loT para la evaluacién auténoma
de la integridad estructural.
IV.  Validacién del sistema en una torre de telecomunicaciones.

Resultados y conclusiones

Se han conseguido monitorizar varias torres de forma remota, pudiendo asi observar
correlaciones entre varios factores ambientales y la salud estructural de las mismas. Se
ha observado que hay un cambio detectable en la inclinacidn de las torres y se ha podido
correlacionar tanto con los vientos como con la temperatura. Los resultados se han
podido consultar en un portal que permitia facil acceso a los datos. Pese a que el
proyecto requiere ser pulido y alimentado con mas datos, sobre todo respecto a posibles
dafios, se ha alcanzado un estadio en el que no falta mucho para su viabilidad comercial.
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1 Introduccion

El objetivo principal de este documento es detallar qué algoritmos y procedimientos se siguen
durante la adquisicién y el procesamiento de los datos adquiridos por el prototipo hasta su envio.
Dentro de estos algoritmos se pueden encontrar tres tipos basicos: los de adquisiciéon de datos
del sensor a una placa Arduino, que pueden incluir una parte de procesado para prepararlos para
ser enviados a una Raspberry Pi; los de recepcion dentro de la Raspberry Pi, que se encargan
de recoger los datos enviados desde los Arduinos para poder ser procesados; y los de procesado
de datos, que se encargan de preparar los datos para ser enviados externamente.

Los tres tipos de algoritmos anteriormente citados se replican en dos grupos de sensores: los
acelerometros y los sensores de clima, incluyendo anemometro, veleta y sensor de temperatura.
Cada caso tiene, obviamente, particularidades que seran exploradas y explicadas con el detalle
necesario a lo largo del documento presente.

IOTower— Digitalizacion torres de comunicacion y eléctricas 2



2 Captura de datos de aceleracién

La captura de los datos de aceleracion viene determinada por la configuracion del acelerémetro
en si mismo y por la cantidad de medidas de aceleracion que se hagan. Poniendo la frecuencia
de muestreo del acelerometro a 200Hz y recogiendo 2000 medidas se consigue llegar a los
100Hz en como frecuencia maxima del espectro medido con una resolucion frecuencial de 0.5Hz.
Gran parte del cédigo necesario para la adquisicion de datos esta relacionado con la calidad de
los datos: asegurar que el tiempo de muestreo sea de 5ms como maximo y que se graben al
menos 2000 mediciones de aceleracion. Esos datos son los que luego se usan para el célculo
de angulo de inclinacion de la torre y de los picos de los espectros vibracionales.

2.1 Cdédigo de Arduino

El codigo de Arduino esta proximamente relacionado con la adquisicion de datos del aceleréme-
tro directamente. Utiliza la biblioteca JY901 desarrollada por el fabricante del acelerémetro para,
a partir de una interfaz serial, obtener los datos del acelerémetro y enviarlos a la Raspberry Pi.
En este cddigo es importante que el baudrate sea de 115200 (y que el acelerometro esté confi-
gurado a ese mismo baudrate), para poder garantizar que los datos se envian a suficiente velo-
cidad dentro del ratio de muestreo previamente mencionado. Del mismo modo, a ese baudrate
no es recomendable enviar los datos en cadenas de texto de mas de 17 caracteres, o la Ras-
pberry Pi se vuelve incapaz de gestionar la recepcion de datos.

2.2 Recepcion de datos

Durante la recepcion de datos, la Raspberry Pi se dedica a escuchar la comunicacion serial del
Arduino, recogiendo 2000 muestras y midiendo el tiempo que hay entre muestra y muestra. Si la
media de esos tiempos no es muy cercana a 5ms entonces vuelve a empezar la medicion de
nuevo, hasta que la frecuencia de muestreo esta por encima de 200Hz. Cuando se tiene un
vector con valores de aceleracion en las tres direcciones en las que mide el acelerometro.

2.3 Procesado de datos

Lo primero que se hace con los datos es aplicar una transformacién espacial de rotacién sobre
las medidas de aceleracion. La primera vez que el dispositivo mide después de su instalacion se
crea un vector de calibracion que contiene la informacién de cuanto tiene que girar el sistema de
referencia (en radianes) para que la aceleracion media se corresponda con la aceleracion de la
gravedad en uno de los ejes. Estos angulos son los que se usan para girar el vector en cada
medicion. Una vez girado, se le resta el valor de la gravedad del eje alineado con la gravedad
para dejar solo las medidas relacionadas con la vibracion centradas en 0. A lo largo de estos
datos de procesado se asegura, por supuesto, que las unidades de la medicién estén en sistema
internacional.

2.3.1 Calculo de los angulos

Una vez se dispone de un vector con la medida de aceleracion en las tres direcciones del espacio
girado segun los angulos de calibracion, y antes de restar el valor de la gravedad, se vuelve a
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calcular el angulo que se tendria que hacer que el vector de aceleracién medio tendria que hacer
para que la aceleracion de la gravedad quedase contenida dentro del eje vertical. En definitiva
esos deberian ser dos angulos de euler solamente: uno para el giro en x y otro para el giro en z,
si se asume que el eje y es el eje vertical (es decir: aproximadamente perpendicular al plano
tangente con la superficie terrestre en ese punto). El giro en y se considera negligible. Esos giros
son los giros que se pueden observar en la estructura. Si estos angulos son considerables, en-
tonces constituyen un claro indicador de que un dafo ha ocurrido.

2.3.2 Calculo de los picos

Para detectar los picos y si se mueven o no, se aplica una transformada de Fourier sobre cada
una de las sefales de aceleracion de cada eje. La sefial obtenida es una sefial con considerable
ruido, por lo que un algoritmo de busqueda de picos sin un cierto calibrado es poco efectivo. Es
por eso que se han estimado valores de significancia y distancia entre picos que se han consi-
derado razonables, pero cuando se hayan obtenido suficientes espectros reales estos valores
deben recalibrarse.

Una vez los datos han sido procesados de las formas mencionadas, estan listos para ser envia-
dos. Los algoritmos de procesado incluyen sendas maneras de asegurarse de que la calidad de
los datos es la adecuada, retomando las medidas si es necesario. Pese a todo ello, el nivel de
excitacion de la estructura es clave en lo que a la calidad de la medida se refiere.
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3 Captura de datos de clima

La captura de datos climatologicos es a la vez mas sencilla y compleja. Los datos no requieren
practicamente posprocesado, a diferencia de los extensos algoritmos que requieren los datos de
aceleracion. La complejidad radica en el codigo encargado de convertir las sefiales de los sen-
sores en cantidades faciles de interpretar en el codigo del Arduino al que estan conectados. Una
vez los datos son recibidos por la Raspberry Pi, estan ya listos para ser enviados junto con los
datos de angulos y aceleraciones.

El cédigo de adquisicion de datos de los sensores se divide, l6gicamente, en tres partes:
Una dedicada al anemdmetro, otra a la veleta y una ultima al sensor de temperatura.

Con respecto al anemdmetro, se cuentan la cantidad de revoluciones en un intervalo de tiempo,
ya que envia una sefal que cada media vuelta cambia de verdadero a falso y viceversa. La
relacion entre las revoluciones por segundo y la velocidad en sistema internacional de unidades
se puede calibrar experimentalmente. La veleta tiene valores de resistencia distintos para cada
direccion posible, de manera que el algoritmo lee el voltaje en un puerto con un conversor ana-
I6gico-digital del dispositivo arduino y asocia a cada valor discreto de voltaje una direccién. Fi-
nalmente, el sensor de temperatura se gestiona con la biblioteca DallasTemperature. Una vez
recopilados los datos, se envian a la Raspberry Pi, y, como se ha mencionado antes, se envian
junto con los datos de aceleracion.

En la siguiente imagen puede verse esta operativa

IOTower— Digitalizacion torres de comunicacion y eléctricas 5



einesadwa)
B sosndun
alus odwsai

eimessdwal
ap epuog

QUSIA [9P UQIDAIP
e ale)on ap [BAIN

lg——— El3|3A

OlUSIA [ PEPIDOIEA
e sosindwi 8p usil

i OIBLoWEUY

ouInpay

1448 8p

soo1d 50| 2p ON2IED

UoIDEIgIED
unbBas 10198A [8p OIS

SENSSNW 8P oJsWNU £ 81158NW
ap BlUaNDalL opueInbase

F Y

A

ugladaosal 4 fusqdsey

EINIINNSE

E| 3p o116 [3p ojnajes

[euss Jod ojAuS
A BIMaa| JouInpry

e onaloizEaY

IOTower— Digitalizacion torres de comunicacion y eléctricas



IO TOWER - Digitalizacion torres de comunicacion y eléctricas

E4 Informe de arquitectura
del sistema

Proyecto IOTOWER Caédigo de proyecto| COMRDI15-1-0036
Entregable E4 Fecha Marzo 2021
Persona de Enric Ortega Organizacion: COMSA

contacto

E-Mail | Enric.Ortega@comsa.com | Diseminacion: Publica/Confi- Confidencial

dencial

C



mailto:Enric.Ortega@comsa.com

Contenido

A (11 (0T [V ToTor o] o RPN PSSP UPUPPPPPPPR
A 1= 1T ] =P
N R ot =1 1= o T3 0= 1 (o USRS
DA A N 011 210 1T o SRR
DG T /= =Y -
2.4 SONAA A€ tEMPETALUIE .......eeiiiiieiiieeee ettt
2.5  AdQUISICION 08 AALOS .....eeeeiiieiiiiiiiieie ettt e e e e e e r e e e e e e e e nnneeees
G T O] o T 11153 o] =TSR

IOTower- Digitalizacion torres de comunicacioén y eléctricas 1



1 Introduccidn

Este informe las caracteristicas bésicas de hardware de la plataforma loT SmartTower,
centrandose en las caracteristicas que deben tener los diferentes sensores asociados a la misma.
Dichas caracteristicas basicas se determinaran en base a aquellas magnitudes que se considere
oportuno medir, o sea: acelerancia, velocidad y direccion del viento. Se detallaran
especialmente las caracteristicas del espectro vibracional que se desea medir, pues es la parte
mas critica del hardware.

La acelerancia, que viene a ser la aceleracion de las vibraciones de la estructura normalizada en
funcion de la excitacion, es el dato méas relevante de los que recogera la plataforma. Esto se
debe a que es en funcion de la acelerancia que se pretende detectar alteraciones en la estructura.
Cualquier cambio en la masa, rigidez o amortiguacién de la estructura se veréa reflejado en la
acelerancia y magnitudes derivadas. Para medir la acelerancia serd necesario el uso de un
acelerometro.

Dado que la excitacion que hara vibrar la estructura viene dada por el viento, cualquier dato
disponible al respecto resulta relevante a la hora de evaluar la respuesta a la excitacion de la
estructura. Los datos meteoroldgicos son, a menudo, inexactos, de manera que seria importante
conocer ambos: velocidad y direccion del viento. La temperatura es menos relevante, pero no
deja de ser un dato importante a la hora de evaluar el estado de la estructura, teniendo en cuenta
las considerables fluctuaciones entre las estaciones.

El establecimiento de estos requerimientos permitira determinar qué caracteristicas deben tener
los diferentes sensores y como deben estar configurados. De esta forma el desarrollo del
prototipo puede proceder con una cierta seguridad de que cumplird con sus funciones.

IOTower— Digitalizacion torres de comunicacion y eléctricas



2 Sensores

En esta seccidn se discutiran los diferentes sensores necesarios para la operacion del prototipo:
un acelerémetro, un anemémetro, una veleta y una sonda de temperatura. Por la naturaleza de
este informe, mas que caracteristicas exactas, se describiran los requerimientos minimos que se
consideren oportunos. Para cada sensor se vera primero que todo qué caracteristicas se esperan
de cada medida y, luego, qué se requiere en un sensor del tipo adecuado para poder dar una
medida dentro de los parametros establecidos.

En general se debe decir que todos los sensores deberian ser capaces de operar a la intemperie
y de transmitir sus medidas a algun dispositivo capaz de adquirir, almacenar y enviar datos.
Con toda certeza se tratara de algun tipo de procesador electronico, asi que sera conditio sine
qua non que todos ellos puedan ser leidos desde, por lo menos, un conversor analégico-digital,
una entrada digital o algun tipo de conexién de dispositivo a dispositivo, como serial o 12C.

2.1 Acelerometro

Acelerometro

Con respecto al acelerometro, la medida que condicionara las caracteristicas del mismo es la
forma del espectro vibracional que se quiere medir. Se ha observado que entre 0 Hz y 100 Hz
se pueden observar los modos de interés. Del mismo modo, una resolucidn frecuencial de por
lo menos 2 Hz garantiza que se pueda identificar con claridad donde caen los picos y si se han
movido. Dicho esto, una mayor resolucion frecuencial resulta muy deseable.

Teniendo esto en cuenta, lo que se requiere del acelerdmetro serd que sea capaz de realizar una
medicion cada 5 ms durante, al menos, 0.5 s, aunque si fuese capaz de medir durante 2 s seria
ideal, ya que permitiria una resolucion frecuencial de 0.5 Hz. Asimismo, es conveniente que el
acelerometro sea capaz de medir en las tres direcciones del espacio, ya que la estructura puede
presentar respuestas diferentes en direcciones diferentes.

En lo que a la magnitud se refiere, no es relevante observar valores de mas de 2 m-s2, mientras
que por el lado de la resolucion minima seria muy importante leer al menos 0.01 m-s2. Es
importante que funcione en un rango de temperaturas de al menos -20°C a 60°C y que los datos
de aceleracién no se vean afectados significativamente por campos magnéticos cercanos.
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2.2 Anemometro

AnemoOmetro

Los requerimientos del anemdmetro no son unos requerimientos exigentes. Lo que se necesita
saber es un valor aproximado de la velocidad del viento. Las velocidades de viento en la
peninsula ibérica suelen ser de entre 4 y 16 km-h', asi que el anemometro deberia tener
capacidad para medir velocidades de viento dentro de ese rango. Cabe decir que, a parte de las
capacidades mecanicas del anemometro en si, resulta muy relevante la electrénica con la que
se adquiriran los datos. Si se asume que el funcionamiento del anemometro es analogo al de un
encoder angular, todo dependera en definitiva de que la adquisicion de datos pueda manejar
trenes de impulsos con altas frecuencias, por lo que probablemente no presente mayor
problema.
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2.3 Veleta

\eleta electronica

La direccion del viento es un dato de interés, sin duda, pero no es un dato que requiera mucha
resolucion. Interesa saber de qué direccion cardinal proviene el viento, asi que ese seria un
requerimiento minimo para la veleta. ldealmente se podria dar informacion del la direccion
exacta en grados, pero realmente la utilidad de semejante resolucion es minima, especialmente
teniendo en cuenta que el precio de una veleta asi se veria seriamente incrementado.

2.4 Sonda de temperature

Sonda de temperatura

La sonda de temperatura deberia ser, ante todo, compacta. Deberia estar calibrada para
garantizar las mejores medidas entre 0°C y 40°C, y ser capaz de operar entre -20°C y 60°C.
Realmente no hay ningin otro requerimiento para poder realizar las mediciones que se

necesitan.

2.5 Adquisicion de datos
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Como se comentaba al principio de esta seccion, la adquisicion de datos no solo depende de los
sensores en si mismos sino también de las caracteristicas del adquisidor de datos. Sin tener en
mano los datos de los sensores definitivos, pero es importante que quede reflejado que hay que
dedicarle especial atencion a como se realizard la adquisicion de los datos y a seleccionar
adecuadamente la electrénica que se encargara de ello.
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3 Conclusiones

El dispositivo debera ser capaz de medir velocidad y direcciéon del viento, temperatura, y
vibracion en la estructura en la que se instale. Para ello, debera contar con un acelerometro, un
anemdmetro, una veleta y un sensor de temperatura. Las caracteristicas de los mismos vienen
determinadas por las magnitudes que deben medirse: los rangos entre los que se mueven, la
velocidad a la que deben ser adquiridas, etc. Todos ellos deben ser capaces de operar a la
intemperie y de operar con una interfaz electronica con el adquisidor de datos.

Las caracteristicas basicas necesarias del acelerometro son que debe ser capaz de medir
aceleraciones de entre 0.01 m-s2 y 2 m-s2 cada 5 ms durante al menos 0.5 s, idealmente
durante 2 s. La sonda de temperatura debe medir temperaturas entre -20°C y 60°C. La veleta
debe dar informacion de, como minimo, qué direccion cardinal viene el viento. EI anemdémetro
debe ser capaz de medir velocidades de entre 4 km-h* y 16 km-h™. Mientras cumplan con
estas caracteristicas, la operacion del dispositivo ser viable.

IOTower— Digitalizacion torres de comunicacion y eléctricas
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Introduccion

Este informe tiene dos objetivos: detallar el hardware desarrollado en funcion de las
necesidades descritas en el informe E4 y delinear las necesidas de la plataforma cloud que
debera gestionar los datos enviados por el dispositivo, que serd desarrollada y explicada en el
informe EG6.

Por un lado, se explicitaran los componentes electronicos tanto para la gestion de los diferentes
sensores y su interfaz con un procesador central como ese procesador central en si mismo y su
gestion de bateria. También se explicara el hardware necesario para la gestion del envio de
datos. Todo ello viene acompafiado de una breve explicacion de los programas necesarios para
desarrollar las funciones expuestas y como se desarrollan.

Respecto a la plataforma de usuario donde se almacenardn y visualizardn los datos, se
explicaran los requisitos tanto a un nivel técnico como de experiencia del usuario con el fin de
facilitar que se puedan extraer conclusiones Utiles de los datos capturados por la plataforma.
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Hardware

Sensorica

En el informe E4 se detalla la necesidad de medir temperatura, aceleracion, velocidad y
direccion del viento. De acuerdo con las especificaciones de los diferentes sensores, se han
utilizado los siguientes modelos para llevar a cabo las funciones del prototipo:

a) Acelerobmetro HWT905 triaxial e inclindbmetro de alta precision. La funcion del
acelerémetro es registrar el patron de vibraciod de la estructura, asi como determinar el
angulo de inclinacion, tanto frontal como lateral, de la torre. Es un acelerémetro con
especificaciones militares y con una carcasa IP67 que permite su uso en exteriores sin
comprometer la electrénica del sensor.

Figura 1. HWT905

b) Termdmetro DS18B20 que permite medir temperaturas en un rango desde -55°C hasta
125°C con una precision de 0,5°C. Esta encapsulado en un tubo de acero inoxidable
resistente a la humedad.
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Figura 2. DS18B20

c) AnemoOmetro SEN-08942 para medir tanto la velocidad del viento con una precision de
+2km/h y la direccién del viento. Se ha construido un adaptador para poder instalar el
anemometro directamente a la caja para asi reducir el tamafio del ensamblaje.

B\
Figura 3. SEN-08942
Los sensores seleccionados cumplen todos con los requisitos previamente delimitados y estan
preparados para funcionar con hardware usado tipicamente en prototipos de esta indole, ademas
de contar con amplia documentacién que facilita su implementacion e interconexién.

IOTower— Digitalizacion torres de comunicacion y eléctricas



Control

Para poder recibir los datos de los dispositivos, procesarlos, darles formato y enviarlos se re-
quieren una serie de hardware adicional. Ademaés de la gestion de los datos en si mismos tam-
bién hay que tener en cuenta la alimentacion y la gestion de la alimentacion del dispositivo.
Para ello se usan los siguientes componentes:
a) Placa base Raspberry Pi 4 para en control de la adquisicion, el procesado y el envio de
datos. Dispone una memoria de 2Gb de RAM. EI modelo seleccionado optimiza el
tiempo de adquisicién y procesado reduciendo el consumo de bateria.

Figura 4. Raspberry Pi 4

b) Convertidores analdgico-digitales Arduino nano para acondicionar la sefial de los
sensores. Los arduinos nanos estan conectados a la Raspberry mediante puertos USB.
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Figura 5. Arduino Nano

c) Mddulo HAT PiJuice Pi-Supply para el control de energia de la Raspberry Pi. Este
maodulo se integra con el sistema operativo de la Raspberry y permite controlar la carga
de bateria, el encendido y apagado automatico de la Raspberry asi como la alimentacion
de los diversos sensores.

Figura 6. Hat PiJuice

d) Bateria de litio de 12.000 mAh PIS-1129.
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Figura 7. Bateria PIS-1129
e) Panel solar de 1.6W para la recarga autonoma (EAN 823952646009).

Figura 8. Panel solar

f) Modulo de comunicacién SIM7600E Waveshare para la transmisién de datos
2G/3G/4G/LTE. Este modulo esta controlado por la Raspberry Pi y el envio de datos se
hace mediante el portal ThingsMobile que permite gestionar tarjetas SIM especificas
para aplicaciones IoT como la desarrollada en este proyecto.
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Figura 9. SIM7600E

En las figuras 10 y 11 se muestran los sensores y componentes hardware del prototipo fabricado
una vez ensamblados y puestos en su caja IP67.

Panel solar

Figura 10. Detalle de los sensores.
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Figura 11. Detalle del hardware de control.
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Software de control

El software e integrado en la placa Raspberry Pi esta dividido en tres subprogramas: adquisicion
de datos de los sensores, procesado de datos y envio de los datos. Cuando el dispositivo se inicia
se ejecuta cada uno de los cédigos de forma consecutiva. Una vez confirmado el envio de los
datos el dispositivo se desconecta automaticamente.

a) Adquisicién de datos: el programa gestiona la conexion con los Arduino Nano, la toma
de datos del acelerémetro, el termometro y el anemoémetro. Una vez se ha conectado
con los dos arduinos, el programa almacena los datos de los diferentes sensores y ase-
gura que los datos que esta leyendo son consistentes. Si detecta algun fallo con los datos
leidos, vuelve a reiniciar la conexion hasta que los datos son correctos.

b) Procesado de datos: el subprograma procesa los datos del acelerometro para determinar
los angulos de inclinacion frontal y lateral de la torre, asi como los modos de vibracién
de la estructura. Ademas, también procesa los datos de temperatura, velocidad y direc-
cion del viento. Una vez ha tratado y verificado los datos, el programa los almacena en
archivos csv que se guardan en la Raspberry Pi.

c) Envio de datos: el subprograma inicia la conexion a internet, empaqueta los datos en
formato json y los envia a la nube donde seran procesados por el servidor dedicado que
se ha desarrollado. Una vez confirmado el envio de los datos, el subprograma se encarga
de apagar la Raspberry. Los datos que se envian con este subprograma son los siguien-
tes:

i. Numero de torre

Ii. Temperatura

iii. Velocidad y direccion del viento
iv. Estado de la bateria

v. Angulo de inclinacion

vi. Frecuencias modales de la torre

Para realizar estas operaciones, se detalla a continuacion que scripts se han creado en la Ras-
pberry Pi:

‘system_shutdown.py’

Este script de Python apaga la Raspberry Pi y quita la alimentacion a todos los periféricos a ella
conectados. Es importante porque, de fallar cualquier parte del proceso de adquisicion de datos
de forma imprevista, este archivo se encarga de asegurarse de que la Raspberry Pi no se queda
encendida y por lo tanto consuma la bateria.

‘calibration.py’

Se encarga de alinear el sistema de referencia en el cual se expresa el vector aceleracion en el
espacio con la direccion de la gravedad, asegurando asi que, si mas adelante el vector gravedad
no coincide con ese eje vertical una vez hecha la lectura, el angulo que forma con este se co-
rresponde con el angulo de inclinacion de la torre. Este archivo, una vez ejecutado, guarda la
rotacion que se debe hacer sobre el sistema en un archivo ‘anglesl.npy’.

‘online.sh’

Este archivo lanza los comandos necesarios para iniciar la conexion a internet a través del hat
4G de la Raspberry Pi.
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‘data_acquisition.py’

Este es el archivo méas complejo de todos. Lo primero que hace es seleccionar los sensores por
su direccion serial y medir velocidad y direccion del viento, temperatura, aceleracion en el do-
minio temporal, y luego velocidad, direccion del viento y temperatura de nuevo, para tener asi
un buen valor medio. Si atin no se ha hecho la calibracion, lanza ‘calibration.py’, y lo hace las
dos primeras veces que mide si no existe un archivo ‘anglesl.npy’ (este es el proceso de cali-
bracion, las dos primeras medidas deben descartarse). Después de aplicar la rotacion pertinente
a los ejes de referencia, calcula la inclinacion de la torre, y descarta el valor de la gravedad para,
después de hacer la transformada rapida de Fourier sobre la sefial de aceleracion en funcion del
tiempo, hallar el primer y Gltimo pico de la respuesta vibracional de la torre.

Todos estos datos los guarda en una carpeta con el dia y hora a la que mide, que se crea dentro
de la carpeta ‘data’. Estos datos son enviados a través de protocolo HTTP. El programa hace
diez intentos consecutivos de conexion a internet; si no consigue enviar los datos guarda el
nombre de la carpeta que no ha conseguido enviar en un archivo ‘unsent.txt’, y volvera a inten-
tar enviar los datos que contiene en el préximo periodo de adquisicion. Si consigue enviar los
datos, empaqueta la carpeta en un archivador zip y la borra, para ahorrar asi espacio. Por tltimo,
se asegura que el préximo periodo estd programado para ocho horas més tarde y apaga la Ras-
pberry Pi, cortando la alimentacion a todos sus periféricos.
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Requisitos de la plataforma cloud

La plataforma que gestione los datos del dispositivo debe ser capaz de cumplir con tres requi-
sitos: recibir los datos, almacenar los datos y representar los datos. La recepcion de los datos
esta condicionada por las capacidades del prototipo y de los programas escritos en el mismo, el
almacenamiento de los datos deberia estar ligado inexorablemente a como sera su representa-
cion, y la representacion deberia ser comoda para el usuario, representando el estado de la ul-
tima medicion, asi como el histérico de datos.

La plataforma debera, en primer lugar, recibir los datos a través de HTTP y redirigirlos de la
manera mas conveniente a entradas en una base de datos. Dicha base de datos deberia tener
tantos campos como datos envie el dispositivo. La base de datos debera de ser facilmente legible
por la plataforma de visualizacion.

La visualizacién de los datos debera poder hacerse, preferiblemente, en entorno web. Debera
incorporar algun tipo de gestion de usuarios y la capacidad para representar datos tanto para ver
el estado actual como un histérico de datos.
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Conclusiones

El dispositivo es capaz de medir temperatura, velocidad y direccion del viento, y aceleracion.
Cumple con las especificaciones delineadas en el anterior informe y, después de haber sido
ensamblado, funciona correctamente. Para su correcto funcionamiento, ademas de los sensores,
necesita una serie de componentes extra para la gestion de la alimentacion, la recepcion y el
envio de datos. Es en funcion del funcionamiento del dispositivo que se han especificado los
requisitos de la plataforma cloud. Dicha plataforma, ademas de ser capaz de recibir los datos,
también deberd almacenarlos y representarlos.
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Introducciodn

El objetivo de este informe es explicar como se ha desarrollado el software en la nube segun lo
especificado en el informe E5 y dar una idea de, una vez definido este aspecto del proyecto,
cual es la arquitectura completa del prototipo, desde la adquisicién de los datos hasta su
visualizacion.

Dado que, después de este ultimo desarrollo, el prototipo quedaré listo para su instalacion en
unatorre, otro objetivo de este documento es detallar que precauciones se deben tomar a la hora
de instalar el prototipo, teniendo en cuenta los requerimientos de toda la infraestructura.
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Software en la nube

Para la gestion de los datos en la nube se ha utilizado los servicios de Google Cloud Computing.
Se ha alquilado un servidor con el sistema operativo Ubuntu y se ha programado para que
realice las siguientes funciones:

a) Recibir los datos en formato json, separarlos el mensaje en los diferentes parametros y
enviarlos al campo correspondiente de la base de datos. Todo este procesa se ha
programado mediante el modulo node-red instalado en el servidor virtual de Google
Cloud Computing.

b) Todos los datos recibidos se almacenan en la base de datos InfluxDB que se ha instalado
en el servidor virtual de Google Cloud.

La representacion de los datos se realiza en la plataforma de visualizacion de datos Grafana
Labs que se ha instalado en el servidor virtual. Ese mddulo esta conectado con la base de datos
InfluxDB y muestra los diferentes valores en tiempo real, asi como el histérico para poder
identificar patrones de cambio. Se ha implementado en este médulo también un sistema de
aviso por email que avisa cuando se detecta que alguno de los parametros esta fuera de una
zona de seguridad previamente definida. Esta interfaz permita la ampliacién facilmente de la
plataforma ya que se podria duplicar cada una de las filas para el nimero de sistemas que fuese
necesario de forma sencilla y rapida.

Hardware Cloud computing
T Things "
Moblle

\
/ Modulo comunicacion \
’ - \ - ‘

Acelerometro

. w
\'—J

A

Google Cloud

Nod -RED

Grafana
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Base de datos

Arduino
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emometro 0

£ 2c oms 1s0°

N/A N/A N/A
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Médulo control \
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Figura 3. Esquema de la arquitectura hardware y software del prototipo.
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Instrucciones de de instalacion

Para el correcto funcionamiento del sistema es necesario conectar los cables de la bateria. El
sistema se entrega ensamblado, pero con los cables de la bateria desconectados para evitar la
descarga de bateria mientras el aparato no se instala. Antes de instalar, es necesario conectar los
cables de la bateria, encender la raspberry pi y eliminar el archivo ‘anglesl.npy’ que se
encuentra en la carpeta ‘SmartTower’. De esta forma cuando el sistema se encienda por primera
vez una vez instalado hara la calibracion de los ejes para poder identificar de forma correcta la
inclinacion del acelerometro.

En la carpeta del usuario de la Raspberry Pi siempre debe haber una carpeta llamada
‘SmartTower’ que contendrd, a su vez, dos carpetas: ‘logs’ y ‘data’. En cuanto a archivos, es
imperativo para el correcto funcionamiento del dispositivo que existan los scripts de Python
‘calibration.py’, ‘data_acquisition.py’ y ‘system_shutdown.py’. Ademas, se necesita el script
de bash de Linux ‘online.sh’, y después de la calibracion debe existir un archivo ‘angles1.npy’.
Por ultimo, el archivo ‘static.csv’ guarda el identificador de la torre y también es imprescindible.

Es de capital importancia que el dispositivo esté instalado de forma tal que la placa solar mire
hacia arriba y hacia el sur, para asegurar que siempre le da el sol cuando es posible. Si esto no
es asi, el dispositivo no tardara en quedarse sin bateria.
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Conclusiones

La arquitectura en la nube cumple con los requisitos especificados en el informe E5, siendo
capaz de captar los datos enviados via protocolo HTTP en Node-RED, encauzarlos hacia una
base de datos InfluxDB vy visualizarlos en Grafana. Todo ello corre en un servidor de Google
Cloud facil y rapidamente accesible. Después de haber comprobado que el dispositivo, en
efecto, funciona en conjuncion con el software en la nube, se puede proceder a su instalacion.

Para instalar el dispositivo se tienen que realizar una serie de conexiones de hardware,
modificaciones de software y tomar precauciones de posicionamiento. Estas modificaciones
estan relacionadas, principalmente, con la calibracion del dispositivo y con la alimentacion del
mismo. Con el trabajo ejecutado durante la realizacion de este informe el prototipo queda listo
para su instalacion.
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Introducciodn

Antecedentes

La empresa COMSA participa en un proyecto con el objetivo general de desarrollar un nuevo
sistema basado en la plataforma 10T (Internet Internet) a partir de la distancia, y la estructura
de una torre de telecomunicaciones a partir de su comportamiento de vibracidn Participar en
tiempo real en tiempo real. evaluar.

El sistema debe ser capaz de detectar dafios estructurales o presencia anormal, identificar el tipo
y cuantificar la reduccion. Para ello, se integra la red de sensores, que se colocan
estratégicamente en la estructura de la torre, midiendo los pardmetros deseados, y las sefiales
inalambricas periodicas 0 bajo demanda para el post-procesamiento Enviar a la nube. Este
sistema debe proporcionar un intérprete Unico que puede ayudarle a determinar la futura
infraestructura o la posible reparacion.

Cuando se evalla por la tarea anterior del proyecto, la viabilidad técnica de la metodologia y la
idoneidad de los dafios de la torre de escala para detectar el dafio a la torre de escala son la sefial
de aceleracion, el espectro de frecuencia del sensor, Y desarrollamos la condensacion de la
informacién de la informacién facil de correlacion espectral. Valor escalar interpretable. El
indicador actia como un binario y advierte de los dafios en la estructura. El sistema debe
funcionar de forma auténoma y en tiempo real y proporcionar indicadores de dafios segun sea
necesario.

En las primeras fases del proyecto se diseflaron y construyeron prototipos de hardware y
plataformas de software para la deteccion remota de sensores. En la fase actual del proyecto,
las pruebas de verificacion del sistema requieren que el prototipo fabricado se instale en la torre
real. Por lo tanto, es necesario documentar técnicamente la instalacion y calibracion del
prototipo y el analisis de los resultados.

Objetivos, metodologia y avasto
Los objetivos de este informe son:

e Un informe técnico sobre la instalacion y verificacion de los prototipos de hardware
desarrollados en torres reales para probar el sistema.

e El andlisis de los resultados de la campafia de pruebas durante el ensayo piloto.

El dispositivo de hardware fue instalado en dos postes reales de servicios publicos por COMSA
y otro subcontratista. Se determiné la posicidn dptima del sensor para registrar el espectro de
vibraciones. Ademas, la torre debia estar en una zona expuesta al viento suficiente para garan-
tizar una excitacion adecuada.
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Ubicacion de la instalacion

La primera propuesta del proyecto fue instalar los dispositivos de hardware para las pruebas
piloto en una torre de telecomunicaciones, que es una estructura metalica autébnoma o de tipo
malla, como una torre eléctrica. El objetivo era limitar las posibles complicaciones de la insta-
lacion del dispositivo en un entorno con riesgo de electrocucién. Sin embargo, Endesa ha acep-
tado apoyar el proyecto piloto donando dos postes de electricidad y un instalador profesional
en el marco de un subcontrato de Cobra.

El poste en cuestion se corresponde con el poste de alta tension cercano a Villafranca del Pene-
dés, al sur de la localidad de Ramla (Figura 1), especialmente los n® 21 y 22 (Fig. 2) (coorde-
nadas geograficas 41° 19°01,2" N1° 41'53,5" E). La torre pertenece a la linea de 110 KV entre
Tarragona y San Boydel Roblegat y consiste en un eje de doble circuito a traves de la subesta-
cion Tarragona-Altafra-Villano por Lagertor-Garraf-Lamura-San Perederives-San Boydel Ro-
blegat. Asi es. Estas subestaciones suministran energia a las comarcas del Garraf, el Alto, el
Baix Penedés y parte de las comarcas de Tarragona. Los equipos de la Torre 21 se instalaron el
20 de enero de 2021 y los de la Torre 22 eI 10 de febrero de 2021.

.
Jabs ?-"5"
St M;qu@l
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Figura 1. Localizacion de la torre donde se ha instalado el prototipo.
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Figura 2. Detalle de la ubicacion de las torres.
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Ensayos de Verificacion

Para comprobar sensores de temperatura, velocidad y direccion del viento, validar
acelerometros e inclinébmetros y determinar el rendimiento de la bateria y la capacidad de carga
después de desarrollar y fabricar un dispositivo de hardware y antes de instalarlo en el campo.
Se ha realizado una prueba de validacion. panel solar. Ademas, se determinaron los pesos de
los paquetes de datos enviados y se estimo el consumo de energia y datos.

Los sensores de temperatura, velocidad y direccion del viento han sido validados en condiciones
de laboratorio utilizando un termdémetro certificado o un anemoémetro Velleman DEM900 (SN:
2016024561). El acelerémetro y el inclinGmetro se validaron en un instrumento experimental
Burel & Kjaer que consta de dos acelerémetros piezoeléctricos de un solo eje 4518003 (SN:
62644 y 62645) y un sistema de adquisicion de datos HBM.

Las pruebas preliminares al aire libre se realizaron durante cinco dias consecutivos en la terraza
del Edificio IQS School of Management. Esta prueba se utilizd para determinar el consumo de
bateria en funcion del numero de lecturas y la cantidad de datos consumidos para enviar las
lecturas a la plataforma de computacion en la nube. Esta informacion se muestra en la siguiente
tabla (Tabla 1). EI consumo estimado de bateria por lectura es del 2 % y el tamafio de los datos
es de 0,2 Mb/lectura.

Cadalh 96 horas 3 €/Semana

Cada4dh 60 dias 0,8 €/Semana
Cada8h 1 afios 0,4 €/Semana
Cada12h 3 afios 0,3 €/Semana
Cada 24 h No disponible 0,18 €/Semana
Cada 48 h No disponible 0,1€/Semana
Cada72h No disponible 0,07 €/Semana

Tabla 1. Consumo energético y de datos de cada sistema.
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Validacion del sistema

Tras la instalacion del equipo se procedio a la comprobacion del correcto funcionamiento del
sistema de adquisicion y envio, y al ajuste de pardmetros antes de iniciar la captura de datos.

El prototipo esta disefiado para la captura de las siguientes magnitudes (Tabla 2):

Medida Unidades Precision

Nivel de bateria % $0.01
Temperatura °C 1
Direccién del viento Graus 15

Inclinacién en x Graus +0.01

Inclinacién en z Graus +0.01

1°" modo del espectro Hz +0.01

2° modo del espectro Hz +0.01

Tabla 2. Magnitudes y precisiones de los datos registrados del prototipo.

Las variables registradas se transfieren desde el dispositivo liberado al servidor para el
almacenamiento y visualizacion de datos. Los datos se envian al servidor de Google a traves de
4G utilizando el protocolo HTTP en un formato similar a un paquete JSON. Una instancia de
nodeRED almacena todos los datos en la base de datos que ejecuta InfluxDB (consulte la Figura
3). El visor de Grafana lee la base de datos y se puede acceder a ella desde un sitio web privado.
La interfaz de Grafana permite a los usuarios ver y descargar los datos que envia el dispositivo.
Los datos se pueden exportar como un archivo CSV en cualquier grafico que muestre los datos.

Y
® ,
2 YPER) Oin )
) Node-RED Grafana
Data Acquisition Send Data Store Data Analytics & monitoring

Figura 3. Arquitectura de software del prototipo instalado en la cruz superior de la torre.

Después de verificar que los datos se transmitieran y mostraran correctamente, analizamos la
sefial de vibracion del acelerémetro. En la Figura 4, cada espectro de frecuencia de la sefial del
acelerdmetro de 3 ejes se representa en el eje ortogonal. El eje x corresponde a la vibracion del
plano horizontal de la torre, el eje y corresponde a la superficie lateral y el eje z corresponde al
plano frontal. En la sefial correspondiente al plano coronal se observan dos picos significativos
debidos a los dos modos de vibracion, mientras que en las otras dos direcciones el ruido de la
sefial enmascara la identificacion fiable del modo de las condiciones de excitacion del viento
que se dieron el dia de la instalacion.
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Estas curvas de aceleracion confirman la idoneidad de la posicion del sensor y la correcta
excitacion de la torre a las condiciones de viento encontradas el dia de la instalacion. De acuerdo
con los resultados de las pruebas de validacion y validacion, se considera que el prototipo
cumple con las necesidades y requisitos del sistema disefiado. Las sefiales de aceleracion,
temperatura, velocidad, direccion del viento y nivel de bateria se obtienen y envian
correctamente para su visualizacion remota.
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Analisis de resultados de la prueba piloto

Esta seccion muestra los resultados experimentales del piloto. Aqui, presentamos los datos de
acuerdo con varias estrategias estadisticas y presentamos la hipdtesis propuesta utilizando téc-
nicas estadisticas. Los datos se muestran de tres maneras. En primer lugar, se examinan las

correlaciones que existen entre los datos, primero en términos de distribucion y luego en térmi-
nos de evolucion en el tiempo.

El andlisis preliminar de los datos en el diagrama de caja de la Figura 5 muestra que los &ngulos
de ambas torres varian mas 0 menos. Hay pocos da-tos atipicos y los bigotes se estan alargando
hacia valores mas pequefios, a excepcion de las lecturas de la torre 21 xangle. En cuanto a la
temperatura (ver figura 5), los valores registra-dos para ambas torres son similares pero no
iguales, y se puede ver que la torre 22 registra una temperatura mas baja. Finalmente, el viento
no fue fuerte en ninguna de las torres, pero la torre 21 registrd vientos mas rapidos.
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Figura 4. Espectros frecuenciales de aceleracion en cada uno de los ejes ortogonales.
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Angulo (°)
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Torre 21 Torre 22 Torre 21 Torre 22

Figura 5. Diagramas de caja de los datos de inclinacion de las torres.

Temperatura (°C)

Torre 21 Torre 22

Figura 6. Diagramas de caja de los datos de temperatura ambiental.

En la Fig. 7 se representa el nivel de bateria de los dispositivos instalados a lo largo del tiempo
en el que se desarrolld la prueba piloto. La diferencia que puede verse entre la torre 21y la torre
22 estéa en la frecuencia de medida. La 21 mide cada 8 horas, mientras que la 22 mide cada 6
horas. En la préactica, esto se traduce en que la torre 21 demuestra tener una vida casi infinita,
nunca bajando del 90% de carga, mientras que la alimentacién solar del dispositivo de la torre
22 no es capaz de aportar mas energia de la que termina consumiendo el dispositivo. Sin em-
bargo, puede concluirse que el factor orientacion y exposicion del panel solar es mas relevante
que el factor frecuencia de medida.
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Figura 7. Nivel de carga de bateria de los prototipos a lo largo del tiempo.

En la Fig. 8 se ha representado la evolucion de la temperatura ambiental en cada una de las
torres durante la prueba piloto. La tendencia al alza de las temperaturas observada es similar en
ambas torres y es coherente con la época del afio en la que se desarroll6 la prueba (enero-mayo).

Torre 21 Torre 22

20

wn

{
ink |

{

I

Temperatura (°C)
1}

Feb Mar Apr May Feb Mar Apr May
Figura 8. Evolucidn de la temperatura durante la prueba piloto.

En la Fig. 9 se puede observar como los angulos de inclinacion de ambas torres han demostrado
una tendencia a aumentar con el tiempo. En futuros estudios seria necesario determinar si la
transicion de una estacion célida a una fria tiene el mismo impacto, pero al revés, o si, por el
contrario, esta tendencia se mantiene en el tiempo a pesar de un cambio en la tendencia de la
temperatura. Més adelante, en la correlacion entre angulo y temperatura, se discutiran estas
posibilidades mas exhaustivamente. Los angulos de inclinacion en este informe hacen referen-
cia a giros dextrdgiros en torno a los ejes sefializados en las fotografias de la Fig. 2.
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Figura 9. Evolucion de la inclinacion de las torres en las dos direcciones durante la prueba
piloto.

En la Fig. 10 se ha representado la velocidad del viento a lo largo de la duracion de la prueba
piloto. De acuerdo con los resultados obtenidos, no se observan variaciones significativas en la
intensidad del viento. En la Torre 21, ubicada en la zona boscosa, las velocidades son ligera-
mente superiores. Sin embargo, al tratarse de resultadas medias, éstos se ven afectados por los
puntos andmalos identificados durante las primeras semanas en la Torre 21.

10.0 Torre 21 Torre 22
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Figura 10. Evolucidn de la velocidad del viento durante la prueba piloto.

A continuacién, se muestran 3 correlaciones entre los elementos climaticos especificos y la
rotacion de las torres: temperatura y velocidad del viento para cada torre y cada trayectoria de
rotacion.

La correlacion més clara entre las ubicadas en la Fig. once es la de temperatura y perspectiva
de inclinacion. Con respecto a la pendiente z en la torre 21 y la pendiente x en la torre 22, la
moda no siempre es muy distinguida y la correlacion no esta clara. En la pendiente x de la torre
21y la pendiente z de la torre 22, se encuentra una correlacion mas evidente, de forma fuerte
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pero contraria: reduciéndose en la torre 21 y creciendo en la 22. Un examen mas designado con
un profesional dentro del campo Deberia arrojar luz sobre las posibles razones de esta correla-
cion.

Si se hubiera correlacionado a la vez la temperatura y la perspectiva, se puede afirmar que
cuando se considera que las temperaturas llegan a ser mas calientes a lo largo del tiempo estu-
diado, la realidad de que la perspectiva de rotacion de las torres aumentara con el paso de los
afios es logica y podria ser anticip6 que después de que las temperaturas volvieran a bajar, los
angulos de las torres podrian hacer lo mismo. Sin embargo, se encuentra que la correlacion no
siempre es directa, sino que en algunos casos es incluso fuertemente inversa. Con esos registros,
la especulacion maxima alcanzable es que las torres estan girando, y que no es probable que
volver a una estacion fria haga que los angulos vuelvan al promedio en sus valores de calibra-
cion. Para afirmar esta especulacion es muy importante tener registros en diferentes cambios de
estacion.

Inclinacion en x Inclinacion en z

[Z au0],

7T A0

i

10 15 20 S 10 155 20
Temperatura (°C)

Figura 11. Correlacién entre temperatura y angulos de inclinacién de las torres.

La figura 12 muestra la relacién entre la velocidad del viento y la temperatura de ambas torres.
Si no existe una correlacion clara entre las variables, o si la correlacién es similar a la tempera-
tura, entonces si la correlacion observada con las otras variables se debe a la velocidad del
viento y la temperatura, o viceversa. Este resultado es apropiado porque es dificil de juzgar.
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Figura 12. Correlacion entre la temperatura y la velocidad del viento.

Al analizar la correlacion de la velocidad angular del viento en la Figura 13, podemos concluir
que las tendencias observadas de ninguna manera se deben a los efectos de la temperatura. Se
observan vientos fuertes a altas temperaturas, pero como era de esperar, los vientos fuertes pa-
recen tener un efecto adverso en el angulo de rotacion de la torre, independientemente de la
temperatura. Se calculan las tendencias para las temperaturas por encimay por debajo del pro-
medio y se observa que las tendencias son las mismas en ambos casos.

Dada la variabilidad en los resultados presentados, el grado de correlacién debe determinarse
estadisticamente. Para ello se utilizaron correlaciones de Pearson en cada comparacién entre
variables. La tabla 3 muestra los valores de cada diferencia significativa. El Gnico valor por
encima del nivel de significacion de 0,05 es la relacion entre la inclinacién y la velocidad del
viento en la Torre 22 en el eje z. Sin embargo, estadisticamente, las otras correlaciones que se
muestran aqui no son insignificantes.

Eix de p-valor p-valor (ve-
Torre ., .
rotacio (temperatura) locitat del vent)
X 1.6E-10 1.8E-06
21
z 5.2E-04 4.8E-08
X 2.2E-02 3.3E-04
22
z 3.4E-12 3.2E-01

Tabla 3. Significancia de las correlaciones analizadas.
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Figura 13. Correlacion entre velocidad del viento y el angulo de inclinacion en cada torre, se-

Velocidad del viento (m/s)

parado por nivel de temperatura.

Por otro lado, la direccion del viento es otro factor a tener en cuenta. La Figura 14 muestra la
agrupacion y distribucién direccional por franja de intensidad del viento. El gréfico muestra
que los vientos del oeste son generalmente mas fuertes que los vientos del este y que la mayoria

de los anticiclones atipicos son vientos del oeste.

100%

75%

50%

25%

0%

[0.2) [2.4) [4.6) [6,8)

Velocidad del viento (m/s)

[3.10)

Direcion del viento

Temperatura (°C)

= Menos de 12°C
= Mas de 12°C

Figura 14. Distribucion de la direccion del viento a diferentes niveles de velocidad.

Finalmente, se realiz6 un andlisis de correlacion global que incluye variables para el angulo de
inclinacion de cada torre, la direccion del viento y la velocidad del viento y los resultados del
gréafico se muestran en la Figura 15. Los resultados muestran una tendencia negativa mas pro-
nunciada en el viento del oeste que en el viento del este, pero la tendencia a reducir el angulo

parece ser independiente de la direccion en la que viene el viento.
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Figura 15. Correlacion entre la inclinacion de las torres, la direccién y velocidad del viento por

cada torre.
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Conclusiones

Las siguientes conclusiones se extraen de la evidencia presentada y explicada en las secciones
anteriores de este informe.

El prototipo se instalé correctamente en el pilon, que representa el entorno de trabajo
real.

Se encontré que la orientacion del panel solar y el factor de exposicion eran mas rele-
vantes que el factor de medicion de frecuencia. Este factor tiene un efecto decisivo sobre
el estado de carga de la bateria y, por tanto, sobre la capacidad del sistema.

Esta prueba no pudo cambiar ni dafar la estructura del poste de luz utilizado, pero el
sistema mostro la efectividad de detectar cambios angulares consistentes lo suficiente-
mente pequefios como para advertir sobre un posible deterioro estructural. Yo hice.

El &ngulo de inclinacion de la torre se ve afectado por la velocidad del viento y la tem-
peratura local. Se identifican todos estos factores sin obstrucciones que pueden afectar
la tendencia de la torre.

El prototipo se considera como requisitos del sistema disefiado y requisitos basados en
los resultados de la verificacion y los resultados obtenidos en el intento de verificacion.
Las sefiales de aceleracion, temperatura, velocidad, direccion del viento y estado de la
bateria se registran correctamente y se envian a la pantalla remota.
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1 Introduccién

Este documento detalla las provisiones de gestion y coordinacion del proyecto. La idea de este
documento es explicar como se han gestionado las diferentes comunicaciones e interacciones
entre las distintas instituciones que se han visto involucradas en el desarrollo del proyecto.
Dichas partes, 1QS y COMSA, se han comunicado principalmente a distancia, pero ha habido
visitas a las instalaciones en las que se han realizado los desarrollos técnicos pertinentes.

La naturaleza de la comunicacion entre ambas parte ha sido eminentemente técnica, sobre todo
en temas relacionados con las fases iniciales del proyecto, tanto en materia de planificacion
como en materia de colaboracion de cara a determinar las necesidades de los desarrollos
tecnoldgicos imperativos para la consecucion del proyecto.
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2 Meétodos de comunicacion

Ao largo del desarrollo del proyecto se usaron varias herramientas para la comunicacion entre
las partes, que se detallan en la siguiente tabla:

Condiciones
adicionales

Herramientas Propo6sitos y comentarios

Preferentemente para discusiones que no
devengan foros, para los entregables y para
comunicacion bilateral entre las partes.

Se debe evitar
su proliferacion.

Movimiento de equipos.

Reuniones técnicas y de coordinacion.

Reuniones técnicas y de coordinacion. Se requiere
envio previo de
la
documentacion
relativa a la
reunion.
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3 Visitas presenciales

Alo largo del proyecto se realizaron dos reuniones presenciales donde todas las partes pudieron
intercambiar informacion de interés y se pudieron demostrar los principios de funcionamiento
y los prototipos en pruebas de laboratorio en vivo y en directo.

Durante la primera reunion el personal de COMSA pudo observar todo el equipo de laboratorio
con el que se desarrollarian los experimentos. La reunion también posibilitd que ambos equipos
técnicos se conociesen y pudiesen poner de manifiesto una hoja de ruta.

coordinacién del proyecta 37250

0.
LTADOS DE LOS ENSAYOS M

3 INFORME METODOLOGIA FINAL DE MEDICION A

4 INFORME AR SISTEMA 1

5 DESCRIPOIOY IALIDADES ¥ CAPACIDADES DF LA PLATAFORMA 10T DESARRDLLADA b

5 INFORME DE LA & PLETA DEL SISTEMA 1

7 INFORMIE INSTALACION Y CAUBRACION DEL SISTEMA. DISCUSION RESULTADGS DXPERIMENTALES 1 =

La hoja de ruta se cumplio escrupulosamente.

La segunda visita presencial permitié ver como se habian desarrollado los experimentos que
permitieron llevar a cabo las pruebas de laboratorio, asi como ver los prototipos en
funcionamiento. Ademas, se pudieron detallar los pardmetros de la prueba operacional de los
prototipos.
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Tower_1

,direction,temp,angle_z,battery_end,angle_x,uptime,windspeed,battery_start,date
0,305.0,8.05,0.0,0.97,0.0,58.4385371208191,2.34393939393939,0.97,2021-01-20 18:24:05.999999
1,27.5,6.69,0.003455281257629,0.96,-0.001747965812683,48.2132811546326,1.41818181818182,0.96,2021-01-21 00:24:44.406382
2,335.0,12.74,-0.008158720786766,0.97,-0.127148523655107,43.2100307941437,2.69848484848485,0.97,2021-01-21 06:25:22.812765
3,350.0,12.31,0.0151954587481,0.99,-0.084418214162522,48.1542451381683,0.600757575757576,0.99,2021-01-21 12:26:01.219148
4,297.5,12.44,0.016894545898479,0.98,-0.071969357795187,48.1885855197907,2.76742424242424,0.98,2021-01-21 18:26:39.625531
5,342.5,7.10666666666667,0.0113093062115,0.97,-0.016191959783967,48.2010984420776,4.90454545454545,0.98,2021-01-22 00:27:18.031914
6,20.0,9.05166666666667,0.010515436508165,0.96,-0.14991309080651,48.1858923435211,6.80530303030303,0.97,2021-01-22 06:27:56.438297
7,357.5,9.0,0.01460019374438,0.96,-0.065524974516899,48.1950781345367,5.86969696969697,0.96,2021-01-22 12:28:34.844680
8,350.0,10.43,0.009209798220745,0.98,-0.062423419004556,48.2157845497131,4.3530303030303,0.99,2021-01-22 18:29:13.251063
9,35.0,11.02,0.0,0.98,0.0,48.181544303894,8.62727272727273,0.99,2021-01-23 00:29:51.657446
10,5.0,11.44,0.019541157786813,0.99,-0.067196089121332,43.1977887153626,3.30909090909091,0.99,2021-01-23 06:30:30.063829
11,350.0,8.3,0.014031777968896,0.98,-0.014546857454813,48.2163000106812,2.74772727272727,0.98,2021-01-23 12:31:08.470212
12,80.0,10.14,0.09344905195732,0.99,0.006431706555044,43.2247490882874,1.06363636363636,0.99,2021-01-23 18:31:46.876595
13,350.0,12.6783333333333,0.091961623221029,0.98,-0.013812015903051,48.1707758903503,0.01969696969697,0.98,2021-01-24 00:32:25.282978
14,320.0,9.16,0.04247218349892,0.99,-0.058100462482784,48.1565113067627,2.6,0.99,2021-01-24 06:33:03.689361
15,125.0,4.19,0.015823617288795,0.98,0.002296985976028,48.1702017784119,0.581060606060606,0.98,2021-01-24 12:33:42.095744
16,162.5,12.6566666666667,0.063065387494833,0.99,-0.095275155780997,43.1726834774017,0.187121212121212,0.99,2021-01-24 18:34:20.502127
17,215.0,11.53,0.032561196206151,0.99,-0.081064486805525,48.1983613967896,0.65,0.99,2021-01-25 00:34:58.908510
18,87.5,9.04,0.101217111879615,0.98,0.044873013337787,48.1917479038239,0.551515151515152,0.98,2021-01-25 06:35:37.314893
19,230.0,20.1033333333333,0.080378597931665,0.99,-0.114634952671517,48.1895303726196,0.128030303030303,0.99,2021-01-25 12:36:15.721276
20,312.5,17.905,0.038544789155598,0.99,-0.104812526395395,43.1962172985077,2.71818181818182,0.99,2021-01-25 18:36:54.127659
21,327.5,17.1116666666667,0.037414000286472,0.98,-0.098977904151262,48.1778683662415,3.76212121212121,0.98,2021-01-26 00:37:32.534042
22,350.0,16.6433333333333,0.04789931605075,0.98,-0.121794549025146,48.2331726551056,4.52045454545455,0.98,2021-01-26 06:38:10.940425
23,5.0,17.6666666666667,0.009447183320508,0.99,-0.171096600699697,48.205325126648,6.21439393939394,0.99,2021-01-26 12:38:49.346808
24,252.5,12.99,0.052039419957537,0.98,-0.058843988122533,43.1787664890289,0.295454545454545,0.98,2021-01-26 18:39:27.753191
25,12.5,13.595,0.050951276377485,0.97,-0.121941758864512,48.2142930030823,1.16212121212121,0.98,2021-01-27 00:40:06.159574
26,350.0,9.76,0.047326716085539,0.97,-0.017119196284314,48.1764135360718,1.33939393939394,0.97,2021-01-27 06:40:44.565957
27,335.0,11.7916666666667,0.040271480723572,0.99,-0.049412756674162,48.1761531829834,4.77651515151515,0.99,2021-01-27 12:41:22.972340
28,312.5,13.49,0.045239025588397,0.97,-0.088779672388283,48.2257475852966,3.79166666666667,0.97,2021-01-27 18:42:01.378723
29,290.0,13.65,0.007777821980986,0.98,-0.218123181086611,48.178608417511,9.53333333333333,0.99,2021-01-28 00:42:39.785106
30,35.0,16.1433333333333,0.048773156975526,0.99,-0.151059213886184,48.1868898868561,7.09090909090909,0.99,2021-01-28 06:43:18.191489



31,35.0,13.65,0.040344852723953,0.98,-0.10001771989515,48.2221236228943,5.12121212121212,0.98,2021-01-28 12:43:56.597872
32,147.5,14.8633333333333,0.056328686914162,0.99,-0.162205827608592,48.1773266792297,0.384090909090909,0.99,2021-01-28 18:44:35.004255
33,297.5,14.99,0.047194804862093,0.99,-0.068246516897158,48.1808860301971,3.49621212121212,0.99,2021-01-29 00:45:13.410638
34,35.0,10.56,0.070971486635999,0.98,-0.056845252758468,48.2420103549957,0.364393939393939,0.98,2021-01-29 06:45:51.817020
35,35.0,15.44,0.041897749803314,0.99,-0.100011697102467,48.1955938339233,1.44772727272727,0.99,2021-01-29 12:46:30.223403
36,177.5,10.45,0.100319494729435,0.98,-0.040670927818086,48.1567640304565,0.275757575757576,0.98,2021-01-29 18:47:08.629786
37,305.0,14.65,0.112616565102284,0.98,-0.05189977244779,48.2202918529511,0.817424242424243,0.99,2021-01-30 00:47:47.036169
38,207.5,9.4,0.141157631751271,0.99,0.056326991127697,48.2040529251099,0.413636363636364,0.99,2021-01-30 06:48:25.442552
39,170.0,8.99,0.113899147007527,0.98,-0.043991911821413,48.1876444816589,0.098484848484849,0.98,2021-01-30 12:49:03.848935
40,132.5,11.27,0.045233254540237,0.98,-0.102955424587965,48.2047839164734,1.18181818181818,0.98,2021-01-30 18:49:42.255318
41,192.5,12.6183333333333,0.051560332834302,0.99,-0.072926799438642,48.1865017414093,1.89090909090909,0.99,2021-01-31 00:50:20.661701
42,162.5,10.78,0.052798955202463,0.98,-0.051083218483886,48.2068779468536,2.16666666666667,0.98,2021-01-31 06:50:59.068084
43,177.5,12.8,0.049936592536577,0.97,-0.089343732112562,43.2218387126923,2.09772727272727,0.97,2021-01-31 12:51:37.474467
44,312.5,11.8,0.057896745832621,0.99,-0.067773132579852,43.2326176166534,2.53106060606061,0.99,2021-01-31 18:52:15.880850
45,35.0,9.41,0.047286669227478,0.96,-0.043234455196491,48.2148549556732,0.718939393939394,0.96,2021-02-01 00:52:54.287233
46,35.0,9.94,0.100243546530409,0.99,-0.047411950005782,48.2008378505707,0.787878787878788,0.99,2021-02-01 06:53:32.693616
47,327.5,8.51,0.015206892390724,0.97,-0.005111379337718,48.2189531326294,2.49166666666667,0.97,2021-02-01 12:54:11.099999
48,132.5,10.78,0.048044521953385,0.95,-0.084587569827485,48.1720621585846,1.56590909090909,0.96,2021-02-01 18:54:49.506382
49,350.0,9.835,0.047233643944575,0.96,-0.052331592021809,48.1841917037964,5.71212121212121,0.97,2021-02-02 00:55:27.912765
50,12.5,9.375,0.038764280854641,0.95,-0.086023553172468,48.1982481479645,6.67727272727273,0.96,2021-02-02 06:56:06.319148
51,5.0,11.63,0.064584119790218,0.95,-0.080899568423962,48.2271137237549,2.01893939393939,0.95,2021-02-02 12:56:44.725531
52,320.0,10.93,0.061052232705702,0.95,-0.044341388987971,48.2032871246338,2.94469696969697,0.95,2021-02-02 18:57:23.131914
53,320.0,8.11833333333333,0.081625504984618,0.94,-0.002006182407162,43.2066502571106,2.52121212121212,0.94,2021-02-03 00:58:01.538297
54,35.0,8.69,0.072580777453765,0.94,-0.009158893768037,48.2251539230347,2.81666666666667,0.94,2021-02-03 06:58:39.944680
55,35.0,11.25,0.062549092330395,0.99,0.016063952799398,48.1870932579041,6.26363636363636,0.99,2021-02-03 12:59:18.351063
56,222.5,9.64,0.13638770091897,0.98,-0.010884630358166,43.2078328132629,0.393939393939394,0.98,2021-02-03 18:59:56.757446
57,80.0,11.16,0.131511725244069,0.99,0.038499277438003,48.2187612056732,1.13257575757576,0.99,2021-02-04 01:00:35.163829
58,305.0,12.52,0.061711073422574,0.99,-0.060013916292154,48.2182776927948,4.81590909090909,0.99,2021-02-04 07:01:13.570212
59,125.0,8.39,0.092048306449515,0.98,0.043092381658551,48.1689250469208,1.12272727272727,0.98,2021-02-04 13:01:51.976595
60,35.0,12.1566666666667,0.165282186932043,0.97,-0.016561979576234,43.2302978038788,0.009848484848485,0.98,2021-02-04 19:02:30.382978
61,35.0,12.24,0.100255310456487,0.98,-0.043455559736347,43.2059934139252,3.30909090909091,0.98,2021-02-05 01:03:08.789361
62,147.5,13.3333333333333,0.086169305825937,0.98,-0.057106599080499,48.2021007537842,0.620454545454545,0.99,2021-02-05 07:03:47.195744
63,215.0,10.02,0.110270722973112,0.99,-0.019001436765117,48.2392394542694,3.55530303030303,0.99,2021-02-05 13:04:25.602127



64,125.0,6.69,0.074836027052514,0.96,0.000678097236406,43.2078487873077,0.718939393939394,0.97,2021-02-05 19:05:04.008510
65,155.0,5.39,0.062607918321977,0.96,0.057872366721891,43.2202973365784,1.69393939393939,0.96,2021-02-06 01:05:42.414893
66,125.0,4.76,0.142815350433629,0.95,0.086635251513361,48.1673591136932,0.610606060606061,0.95,2021-02-06 07:06:20.821276
67,327.5,8.05166666666667,0.094865043138839,0.93,0.031620912425119,48.2162599563599,2.02878787878788,0.93,2021-02-06 13:06:59.227659
68,305.0,8.55,0.098009015347366,0.92,-0.024757149817718,48.1849234104157,3.0530303030303,0.93,2021-02-06 19:07:37.634042
69,335.0,9.4,0.073732043212371,0.92,0.096393393626116,48.1911401748657,2.7280303030303,0.92,2021-02-07 01:08:16.040425
70,312.5,9.31,0.08151421837247,0.93,0.043135624725093,48.2261424064636,2.91515151515152,0.94,2021-02-07 07:08:54.446808
71,125.0,6.68,0.183448886073933,0.93,0.112239129353506,48.2278451919556,0.029545454545455,0.93,2021-02-07 13:09:32.853191
72,170.0,14.28,0.158981420568652,0.94,0.010169965477256,48.1713800430298,0.65,0.95,2021-02-07 19:10:11.259573
73,335.0,7.69,0.106377251663867,0.97,0.068991443823248,48.6968152523041,2.10757575757576,0.97,2021-02-08 01:10:49.665956
74,350.0,7.71,0.186608532637455,0.96,0.092109429239626,48.1856262683868,0.118181818181818,0.97,2021-02-08 07:11:28.072340
75,140.0,6.47,0.146421048709212,0.97,0.082702542876519,48.2136099338532,0.758333333333333,0.97,2021-02-08 13:12:06.478723
76,35.0,6.81,0.225003125292898,0.97,0.147170353091482,48.1813321113586,0.462878787878788,0.97,2021-02-08 19:12:44.885105
77,260.0,9.94,0.20119055519489,0.96,0.107415744962699,48.2295978069305,2.64924242424242,0.97,2021-02-09 01:13:23.291488
78,215.0,9.5,0.235084352534715,0.98,0.160578842696063,48.1985342502594,1.95984848484848,0.99,2021-02-09 07:14:01.697871
79,177.5,11.64,0.093642978855497,0.97,0.023750880901006,48.1959359645844,3.16136363636364,0.97,2021-02-09 13:14:40.104254
80,147.5,11.75,0.058265805658338,0.98,0.020326394393864,43.2344942092896,7.74090909090909,0.98,2021-02-09 19:15:18.510637
81,170.0,10.74,0.199028174234897,0.96,0.10696150207546,48.1782491207123,1.26060606060606,0.96,2021-02-10 01:15:56.917020
82,95.0,9.27,0.211104864047172,0.93,0.111661472805756,38.2264080047607,1.23106060606061,0.93,2021-02-10 07:16:35.323403
83,147.5,13.5516666666667,0.140299403827341,0.94,0.101572136609803,48.2266361713409,1.11287878787879,0.94,2021-02-10 13:17:13.729786
84,305.0,6.7,0.202956267767685,0.98,0.154341493145265,48.1868858337402,0.0,0.98,2021-02-10 19:17:52.136169
85,260.0,10.5833333333333,0.174349823108372,0.97,0.172990913414965,43.2064547538757,2.33409090909091,0.98,2021-02-11 01:18:30.542552
86,192.5,10.0416666666667,0.242427778525881,0.95,0.197609385971213,48.187682390213,0.0,0.95,2021-02-11 07:19:08.948935
87,267.5,9.8,0.254789191886042,0.99,0.174043637431205,48.209401845932,1.7530303030303,0.99,2021-02-11 13:19:47.355318
88,170.0,6.04,0.138875702728652,0.98,0.189899599545122,48.2097189426422,0.66969696969697,0.98,2021-02-11 19:20:25.761701
89,132.5,12.3216666666667,0.127284029038764,0.99,0.121467834991721,48.1615605354309,1.96969696969697,0.99,2021-02-12 01:21:04.168084
90,230.0,11.1183333333333,0.237477241091226,0.99,0.153341176743871,48.2098071575165,3.13181818181818,0.99,2021-02-12 07:21:42.574467
91,125.0,7.58333333333333,0.253551678124968,0.98,0.165861732496831,48.1898584365845,0.0,0.98,2021-02-12 13:22:20.980850
92,200.0,10.5833333333333,0.155079156106115,0.98,0.082618556398942,43.2031290531158,2.90530303030303,0.98,2021-02-12 19:22:59.387233
93,125.0,8.99,0.193847624545687,0.95,0.200978803118198,48.2262403964996,2.90530303030303,0.95,2021-02-13 01:23:37.793616
94,125.0,8.81,0.267883656110354,0.92,0.166027375894229,48.1805396080017,0.009848484848485,0.92,2021-02-13 07:24:16.199999
95,80.0,10.0716666666667,0.235766372873021,0.92,0.174277189354493,44.3469085693359,2.1469696969697,0.92,2021-02-13 13:24:54.606382
96,275.0,10.8333333333333,0.271294963390146,0.95,0.166923020292023,48.1586771011353,1.40833333333333,0.95,2021-02-13 19:25:33.012765



97,215.0,12.51,0.199733593185,0.98,0.145879992448,48.2217345238,1.81212121212,0.99,2021-02-14 01:26:11.419148
98,252.5,8.48,0.271577190761,0.97,0.165189691131,48.1699194908,1.11287878788,0.97,2021-02-14 07:26:49.825531
99,350.0,11.76,0.130143676052,0.99,0.111841814127,48.1721103191,3.575,0.99,2021-02-14 13:27:28.231914
100,305.0,12.3683333333,0.129097455425,0.99,0.0991241693342,48.1912984848,3.82121212121,0.99,2021-02-14 19:28:06.638297
101,357.5,9.18,0.172841173916,0.98,0.0947402597668,43.2160198689,0.541666666667,0.98,2021-02-15 01:28:45.044680
102,147.5,13.3866666667,0.228242503027,0.99,0.0669092228039,48.1926596165,1.21136363636,0.99,2021-02-15 07:29:23.451063
103,222.5,9.3,0.152025251606,0.99,0.0945478261103,48.1802287102,6.35227272727,0.99,2021-02-15 13:30:01.857446
104,290.0,7.68,0.133479873679,0.98,0.0913636758265,48.2210972309,1.07348484848,0.98,2021-02-15 19:30:40.263829
105,222.5,12.1683333333,0.268195565054,0.99,0.138170201023,48.2356066704,0.226515151515,0.99,2021-02-16 01:31:18.670212
106,207.5,14.18,0.251054387218,0.99,0.0883459958629,48.2172107697,0.52196969697,0.99,2021-02-16 07:31:57.076595
107,185.0,7.10666666667,0.265326778035,0.98,0.153216612333,48.1735999584,0.935606060606,0.99,2021-02-16 13:32:35.482978
108,125.0,12.48,0.256403825237,0.99,0.0700511683576,48.1764273643,1.41818181818,0.99,2021-02-16 19:33:13.889361
109,260.0,11.8,0.252741774654,0.99,0.127898997309,48.1726350784,0.492424242424,0.99,2021-02-17 01:33:52.295744
110,245.0,6.87833333333,0.259653270025,0.98,0.15157925303,48.2107145786,0.0,0.99,2021-02-17 07:34:30.702127
111,155.0,15.355,0.255568926554,0.99,0.072780632277,43.2249276638,0.994696969697,0.99,2021-02-17 13:35:09.108510
112,155.0,15.355,0.255568926554,0.99,0.072780632277,43.2249276638,0.994696969697,0.99,2021-02-17 19:35:47.514893
113,237.5,10.56,0.142361980183,0.99,0.0569444914139,43.1901578903,6.10606060606,0.99,2021-02-18 01:36:25.921276
114,237.5,10.56,0.142361980183,0.99,0.0569444914139,43.1901578903,6.10606060606,0.99,2021-02-18 07:37:04.327659
115,125.0,12.855,0.212448197967,0.99,0.00814692956758,48.1684639454,1.71363636364,0.99,2021-02-18 13:37:42.734041
116,87.5,2.36833333333,0.247930512527,0.97,0.143179516529,48.1553170681,2.28484848485,0.97,2021-02-18 19:38:21.140424
117,117.5,7.97,0.193931006262,0.99,0.0294956789039,48.6382865906,2.55075757576,0.99,2021-02-19 01:38:59.546808
118,252.5,8.82166666667,0.20339584589,0.99,0.0670034434577,43.2195682526,3.22045454545,0.99,2021-02-19 07:39:37.953191
119,125.0,4.29,0.208156239471,0.98,0.0828547384011,48.2208304405,1.03409090909,0.98,2021-02-19 13:40:16.359573
120,87.5,9.73,0.190521047588,0.99,0.0312446842003,48.1896100044,1.67424242424,0.99,2021-02-19 19:40:54.765956
121,87.5,2.36833333333,0.247930512527,0.97,0.143179516529,48.1553170681,2.28484848485,0.97,2021-02-20 01:41:33.172339
122,117.5,7.97,0.193931006262,0.99,0.0294956789039,48.6382865906,2.55075757576,0.99,2021-02-20 07:42:11.578722
123,252.5,8.82166666667,0.20339584589,0.99,0.0670034434577,43.2195682526,3.22045454545,0.99,2021-02-20 13:42:49.985105
124,125.0,4.29,0.208156239471,0.98,0.0828547384011,48.2208304405,1.03409090909,0.98,2021-02-20 19:43:28.391488
125,87.5,9.73,0.190521047588,0.99,0.0312446842003,48.1896100044,1.67424242424,0.99,2021-02-21 01:44:06.797871
126,282.5,13.38,0.166825450927,0.98,0.0423824096644,48.8330662251,1.37878787879,0.99,2021-02-21 07:44:45.204254
127,282.5,13.38,0.166825450927,0.98,0.0423824096644,48.8330662251,1.37878787879,0.99,2021-02-21 13:45:23.610637
128,207.5,13.865,0.251780027829,0.99,0.0792765955595,48.2084302902,0.295454545455,0.99,2021-02-21 19:46:02.017020
129,207.5,13.865,0.251780027829,0.99,0.0792765955595,48.2084302902,0.295454545455,0.99,2021-02-22 01:46:40.423403



130,222.5,11.5833333333,0.231567303193,0.98,0.0436101308672,48.2062985897,2.39318181818,0.99,2021-02-22 07:47:18.829786
131,222.5,11.5833333333,0.231567303193,0.98,0.0436101308672,48.2062985897,2.39318181818,0.99,2021-02-22 13:47:57.236169
132,87.5,6.29,0.236650351142,0.98,0.153344068312,48.1949543953,0.285606060606,0.98,2021-02-22 19:48:35.642552
133,87.5,6.29,0.236650351142,0.98,0.153344068312,48.1949543953,0.285606060606,0.98,2021-02-23 01:49:14.048935
134,260.0,13.79,0.186795059153,0.99,-0.0554612902239,43.1914474964,3.78181818182,0.99,2021-02-23 07:49:52.455318
135,260.0,13.79,0.186795059153,0.99,-0.0554612902239,43.1914474964,3.78181818182,0.99,2021-02-23 13:50:30.861701
136,350.0,5.97,0.120658687785,0.98,0.0365739976906,48.3535342216,0.492424242424,0.99,2021-02-23 19:51:09.268084
137,350.0,9.43,0.111272510372,0.97,0.00338247023113,43.1861224174,1.00454545455,0.97,2021-02-24 01:51:47.674467
138,305.0,12.5,0.10586924412,0.96,-0.0616160291149,48.1632769108,2.89545454545,0.96,2021-02-24 07:52:26.080850
139,222.5,11.06,0.11941274326,0.98,0.00405898591515,48.2154312134,2.6,0.99,2021-02-24 13:53:04.487233
140,312.5,13.19,0.110025081055,0.97,-0.0527985825028,48.2056939602,2.67878787879,0.97,2021-02-24 19:53:42.893616
141,35.0,7.0,0.167872740203,0.97,0.0676242037903,38.1948783398,0.354545454545,0.97,2021-02-25 01:54:21.299999
142,102.5,14.91,0.232181352042,0.99,0.0292353774462,48.171112299,1.2803030303,0.99,2021-02-25 07:54:59.706382
143,237.5,13.3216666667,0.228513573116,0.98,0.113574974698,48.1857438087,1.16212121212,0.99,2021-02-25 13:55:38.112765
144,222.5,7.47,0.203040054673,0.98,0.0800702384819,43.1803922653,0.45303030303,0.98,2021-02-25 19:56:16.519148
145,207.5,15.99,0.234688609221,0.98,0.114108561684,48.2275471687,1.23106060606,0.99,2021-02-26 01:56:54.925531
146,162.5,8.63833333333,0.0855079729563,0.98,-0.0274865915521,43.2438070774,0.610606060606,0.98,2021-02-26 07:57:33.331914
147,110.0,17.83,0.193097090806,0.99,-0.0708379441277,48.2222275734,1.19166666667,0.99,2021-02-26 13:58:11.738297
148,260.0,14.99,0.176823228128,0.98,-0.0279381531783,51.455344677,2.89545454545,0.99,2021-02-26 19:58:50.144680
149,170.0,8.345,0.0985662523324,0.98,-0.02970493011,48.188447237,0.0,0.98,2021-02-27 01:59:28.551063
150,192.5,15.5533333333,0.160948827992,0.98,-0.0896432274895,43.1753227711,0.590909090909,0.99,2021-02-27 08:00:06.957446
151,237.5,14.47,0.221014871641,0.98,0.00816036756482,48.8731462955,2.30454545455,0.99,2021-02-27 14:00:45.363829
152,125.0,6.35666666667,0.15325858921,0.98,0.0559784517661,43.2142419815,0.492424242424,0.98,2021-02-27 20:01:23.770212
153,162.5,10.17,0.0894266131381,0.97,-0.00136172154443,43.8125898838,0.709090909091,0.97,2021-02-28 02:02:02.176595
154,95.0,16.31,0.157937125798,0.99,-0.0931249122417,48.2075407505,2.87575757576,0.99,2021-02-28 08:02:40.582978
155,215.0,17.75,0.0781361444335,0.98,-0.117545386738,48.204417944,1.97954545455,0.99,2021-02-28 14:03:18.989361
156,162.5,11.55,0.0824236698076,0.98,-0.0180509600184,48.1643207073,1.53636363636,0.98,2021-02-28 20:03:57.395744
157,320.0,20.51,0.153595390272,0.99,-0.154275776682,48.967622757,1.29015151515,0.99,2021-03-01 02:04:35.802127
158,162.5,15.0516666667,0.13051472158,0.99,-0.0986501261643,48.210132122,2.275,0.99,2021-03-01 08:05:14.208509
159,282.5,13.88,0.146103414151,0.99,-0.0621780153647,48.2205204964,3.61439393939,0.99,2021-03-01 14:05:52.614892
160,35.0,9.65,0.0938987705136,0.98,-0.0474614618669,43.2167150974,0.167424242424,0.98,2021-03-01 20:06:31.021276
161,335.0,17.7483333333,0.190894479202,0.99,-0.177305312934,48.2116160393,1.63484848485,0.99,2021-03-02 02:07:09.427659
162,305.0,13.99,0.0500914633586,0.99,-0.117446120665,48.2215964794,6.08636363636,0.99,2021-03-02 08:07:47.834041



163,80.0,9.63,0.146693941218,0.98,-0.0186759123443,48.1786658764,0.0,0.98,2021-03-02 14:08:26.240424
164,177.5,14.1066666667,0.175291112163,0.99,-0.121955474485,48.2128632069,0.344696969697,0.99,2021-03-02 20:09:04.646807
165,222.5,11.25,0.0824622687251,0.99,-0.0265780289554,43.2349615097,4.02803030303,0.99,2021-03-03 02:09:43.053190
166,125.0,7.95,0.109379766446,0.98,-0.0112103209634,43.1845932007,2.03863636364,0.99,2021-03-03 08:10:21.459573
167,350.0,5.97,0.120658687785,0.98,0.0365739976906,48.3535342216,0.492424242424,0.99,2021-03-03 14:10:59.865956
168,350.0,9.43,0.111272510372,0.97,0.00338247023113,43.1861224174,1.00454545455,0.97,2021-03-03 20:11:38.272339
169,222.5,11.06,0.11941274326,0.98,0.00405898591515,48.2154312134,2.6,0.99,2021-03-04 02:12:16.678722
170,305.0,12.5,0.10586924412,0.96,-0.0616160291149,48.1632769108,2.89545454545,0.96,2021-03-04 08:12:55.085105
171,312.5,13.19,0.110025081055,0.97,-0.0527985825028,48.2056939602,2.67878787879,0.97,2021-03-04 14:13:33.491488
172,35.0,7.0,0.167872740203,0.97,0.0676242037903,38.1948783398,0.354545454545,0.97,2021-03-04 20:14:11.897871
173,102.5,14.91,0.232181352042,0.99,0.0292353774462,48.171112299,1.2803030303,0.99,2021-03-05 02:14:50.304254
174,237.5,13.3216666667,0.228513573116,0.98,0.113574974698,48.1857438087,1.16212121212,0.99,2021-03-05 08:15:28.710637
175,222.5,7.47,0.203040054673,0.98,0.0800702384819,43.1803922653,0.45303030303,0.98,2021-03-05 14:16:07.117020
176,207.5,15.99,0.234688609221,0.98,0.114108561684,48.2275471687,1.23106060606,0.99,2021-03-05 20:16:45.523403
177,162.5,8.63833333333,0.0855079729563,0.98,-0.0274865915521,43.2438070774,0.610606060606,0.98,2021-03-06 02:17:23.929786
178,110.0,17.83,0.193097090806,0.99,-0.0708379441277,48.2222275734,1.19166666667,0.99,2021-03-06 08:18:02.336169
179,260.0,14.99,0.176823228128,0.98,-0.0279381531783,51.455344677,2.89545454545,0.99,2021-03-06 14:18:40.742552
180,170.0,8.345,0.0985662523324,0.98,-0.02970493011,48.188447237,0.0,0.98,2021-03-06 20:19:19.148935
181,192.5,15.5533333333,0.160948827992,0.98,-0.0896432274895,43.1753227711,0.590909090909,0.99,2021-03-07 02:19:57.555318
182,237.5,14.47,0.221014871641,0.98,0.00816036756482,48.8731462955,2.30454545455,0.99,2021-03-07 08:20:35.961701
183,125.0,6.35666666667,0.15325858921,0.98,0.0559784517661,43.2142419815,0.492424242424,0.98,2021-03-07 14:21:14.368084
184,162.5,10.17,0.0894266131381,0.97,-0.00136172154443,43.8125898838,0.709090909091,0.97,2021-03-07 20:21:52.774467
185,95.0,16.31,0.157937125798,0.99,-0.0931249122417,48.2075407505,2.87575757576,0.99,2021-03-08 02:22:31.180850
186,215.0,17.75,0.0781361444335,0.98,-0.117545386738,48.204417944,1.97954545455,0.99,2021-03-08 08:23:09.587233
187,162.5,11.55,0.0824236698076,0.98,-0.0180509600184,48.1643207073,1.53636363636,0.98,2021-03-08 14:23:47.993616
188,320.0,20.51,0.153595390272,0.99,-0.154275776682,48.967622757,1.29015151515,0.99,2021-03-08 20:24:26.399999
189,162.5,15.0516666667,0.13051472158,0.99,-0.0986501261643,48.210132122,2.275,0.99,2021-03-09 02:25:04.806382
190,282.5,13.88,0.146103414151,0.99,-0.0621780153647,48.2205204964,3.61439393939,0.99,2021-03-09 08:25:43.212765
191,35.0,9.65,0.0938987705136,0.98,-0.0474614618669,43.2167150974,0.167424242424,0.98,2021-03-09 14:26:21.619148
192,335.0,17.7483333333,0.190894479202,0.99,-0.177305312934,48.2116160393,1.63484848485,0.99,2021-03-09 20:27:00.025531
193,305.0,13.99,0.0500914633586,0.99,-0.117446120665,48.2215964794,6.08636363636,0.99,2021-03-10 02:27:38.431914
194,80.0,9.63,0.146693941218,0.98,-0.0186759123443,48.1786658764,0.0,0.98,2021-03-10 08:28:16.838297
195,177.5,14.1066666667,0.175291112163,0.99,-0.121955474485,48.2128632069,0.344696969697,0.99,2021-03-10 14:28:55.244680



196,222.5,11.25,0.0824622687251,0.99,-0.0265780289554,43.2349615097,4.02803030303,0.99,2021-03-10 20:29:33.651063
197,125.0,7.95,0.109379766446,0.98,-0.0112103209634,43.1845932007,2.03863636364,0.99,2021-03-11 02:30:12.057446
198,260.0,9.28,0.0708372433464,0.98,-0.0525340958811,43.258194685,4.30378787879,0.98,2021-03-11 08:30:50.463829
199,260.0,9.28,0.0708372433464,0.98,-0.0525340958811,43.258194685,4.30378787879,0.98,2021-03-11 14:31:28.870212
200,267.5,9.16,0.155909819559,0.99,-0.0271739119272,48.2225222588,2.51136363636,0.99,2021-03-11 20:32:07.276595
201,267.5,9.16,0.155909819559,0.99,-0.0271739119272,48.2225222588,2.51136363636,0.99,2021-03-12 02:32:45.682977
202,125.0,6.23,0.118744663747,0.98,-0.00714530468767,48.1890308857,0.403787878788,0.98,2021-03-12 08:33:24.089360
203,125.0,6.23,0.118744663747,0.98,-0.00714530468767,48.1890308857,0.403787878788,0.98,2021-03-12 14:34:02.495744
204,267.5,11.95,0.0867275488411,0.98,-0.0565785212732,48.1962172985,1.88106060606,0.99,2021-03-12 20:34:40.902126
205,267.5,11.95,0.0867275488411,0.98,-0.0565785212732,48.1962172985,1.88106060606,0.99,2021-03-13 02:35:19.308509
206,282.5,10.92,0.0634489141351,0.99,-0.042298364981,43.2519960403,2.22575757576,0.99,2021-03-13 08:35:57.714892
207,282.5,10.92,0.0634489141351,0.99,-0.042298364981,43.2519960403,2.22575757576,0.99,2021-03-13 14:36:36.121275
208,125.0,4.82166666667,0.10864084234,0.98,0.0241045150258,48.2004272938,0.0,0.99,2021-03-13 20:37:14.527658
209,125.0,4.82166666667,0.10864084234,0.98,0.0241045150258,48.2004272938,0.0,0.99,2021-03-14 02:37:52.934041
210,207.5,10.3683333333,0.145737006396,0.96,-0.0558420654827,48.1780953407,1.49696969697,0.96,2021-03-14 08:38:31.340424
211,207.5,10.3683333333,0.145737006396,0.96,-0.0558420654827,48.1780953407,1.49696969697,0.96,2021-03-14 14:39:09.746807
212,125.0,8.49,0.123118155251,0.95,-0.0210875385456,48.2038617134,0.669696969697,0.95,2021-03-14 20:39:48.153190
213,125.0,8.49,0.123118155251,0.95,-0.0210875385456,48.2038617134,0.669696969697,0.95,2021-03-15 02:40:26.559573
214,80.0,9.39,0.142638325438,0.95,-0.042111572005,48.1962397099,1.33939393939,0.95,2021-03-15 08:41:04.965956
215,80.0,9.39,0.142638325438,0.95,-0.042111572005,48.1962397099,1.33939393939,0.95,2021-03-15 14:41:43.372339
216,230.0,10.94,0.192274366683,0.93,0.0524996711835,48.1847023964,0.0,0.94,2021-03-15 20:42:21.778722
217,230.0,10.94,0.192274366683,0.93,0.0524996711835,48.1847023964,0.0,0.94,2021-03-16 02:43:00.185105
218,297.5,9.63,0.14506768168,0.93,-0.0408635784587,43.2220299244,0.581060606061,0.93,2021-03-16 08:43:38.591488
219,297.5,9.63,0.14506768168,0.93,-0.0408635784587,43.2220299244,0.581060606061,0.93,2021-03-16 14:44:16.997871
220,327.5,11.67,0.0773482536683,0.92,-0.0110955540974,48.1696238518,1.61515151515,0.92,2021-03-16 20:44:55.404254
221,327.5,11.67,0.0773482536683,0.92,-0.0110955540974,48.1696238518,1.61515151515,0.92,2021-03-17 02:45:33.810637
222,230.0,8.8,0.130594780926,0.91,0.00237882447853,43.3647727966,5.14090909091,0.91,2021-03-17 08:46:12.217020
223,230.0,8.8,0.130594780926,0.91,0.00237882447853,43.3647727966,5.14090909091,0.91,2021-03-17 14:46:50.623403
224,162.5,11.71,0.168671692487,0.93,0.0017037108078,48.1672077179,1.48712121212,0.94,2021-03-17 20:47:29.029786
225,162.5,11.71,0.168671692487,0.93,0.0017037108078,48.1672077179,1.48712121212,0.94,2021-03-18 02:48:07.436169
226,290.0,11.94,0.114246235485,0.98,0.0139399707435,48.1804630756,2.82651515152,0.99,2021-03-18 08:48:45.842552
227,290.0,11.94,0.114246235485,0.98,0.0139399707435,48.1804630756,2.82651515152,0.99,2021-03-18 14:49:24.248935
228,125.0,5.63,0.0963047416148,0.98,0.0481538857982,48.2049748898,1.55606060606,0.98,2021-03-18 20:50:02.655318



229,125.0,5.63,0.0963047416148,0.98,0.0481538857982,48.2049748898,1.55606060606,0.98,2021-03-19 02:50:41.061701
230,215.0,11.0716666667,0.208321456632,0.99,0.0826517388953,48.2186188698,2.21590909091,0.99,2021-03-19 08:51:19.468084
231,215.0,11.0716666667,0.208321456632,0.99,0.0826517388953,48.2186188698,2.21590909091,0.99,2021-03-19 14:51:57.874467
232,260.0,9.68,0.232117472875,0.98,0.13443698569,48.1745972633,1.35909090909,0.98,2021-03-19 20:52:36.280850
233,260.0,9.68,0.232117472875,0.98,0.13443698569,48.1745972633,1.35909090909,0.98,2021-03-20 02:53:14.687233
234,215.0,10.95,0.133924287138,0.97,0.0374450279031,48.1646668911,4.45151515152,0.98,2021-03-20 08:53:53.093616
235,215.0,10.95,0.133924287138,0.97,0.0374450279031,48.1646668911,4.45151515152,0.98,2021-03-20 14:54:31.499999
236,222.5,10.01,0.133131816268,0.99,0.062148801307,43.2307476997,3.93939393939,0.99,2021-03-20 20:55:09.906382
237,222.5,10.01,0.133131816268,0.99,0.062148801307,43.2307476997,3.93939393939,0.99,2021-03-21 02:55:48.312765
238,132.5,6.60666666667,0.157136515097,0.98,0.0640831293453,43.226180315,0.906060606061,0.98,2021-03-21 08:56:26.719148
239,132.5,6.60666666667,0.157136515097,0.98,0.0640831293453,43.226180315,0.906060606061,0.98,2021-03-21 14:57:05.125530
240,132.5,13.18,0.234855799135,0.98,0.0676346158217,48.1748039722,1.23106060606,0.98,2021-03-21 20:57:43.531914
241,132.5,13.18,0.234855799135,0.98,0.0676346158217,48.1748039722,1.23106060606,0.98,2021-03-22 02:58:21.938297
242,237.5,10.69,0.199979951248,0.99,0.0758439307234,48.1623575687,3.61439393939,0.99,2021-03-22 08:59:00.344680
243,237.5,10.69,0.199979951248,0.99,0.0758439307234,48.1623575687,3.61439393939,0.99,2021-03-22 14:59:38.751062
244,125.0,7.86833333333,0.146730228633,0.98,0.0764084774947,43.1918735504,1.70378787879,0.99,2021-03-22 21:00:17.157445
245,125.0,7.86833333333,0.146730228633,0.98,0.0764084774947,43.1918735504,1.70378787879,0.99,2021-03-23 03:00:55.563828
246,132.5,11.68,0.234726927014,0.99,0.0558716215136,48.1943910122,1.47727272727,0.99,2021-03-23 09:01:33.970212
247,132.5,11.68,0.234726927014,0.99,0.0558716215136,48.1943910122,1.47727272727,0.99,2021-03-23 15:02:12.376594
248,215.0,9.55,0.133869441422,0.99,0.0459857120524,48.2163078785,3.74242424242,0.99,2021-03-23 21:02:50.782977
249,215.0,9.55,0.133869441422,0.99,0.0459857120524,48.2163078785,3.74242424242,0.99,2021-03-24 03:03:29.189360
250,305.0,5.81166666667,0.102531803637,0.98,0.0456826028216,48.1580679417,5.2196969697,0.98,2021-03-24 09:04:07.595743
251,305.0,5.81166666667,0.102531803637,0.98,0.0456826028216,48.1580679417,5.2196969697,0.98,2021-03-24 15:04:46.002126
252,117.5,10.95,0.243652438277,0.99,0.0380607859637,48.2478842735,1.61515151515,0.99,2021-03-24 21:05:24.408509
253,117.5,10.95,0.243652438277,0.99,0.0380607859637,48.2478842735,1.61515151515,0.99,2021-03-25 03:06:02.814892
254,215.0,9.56,0.127558915298,0.98,0.0314618550513,48.1872603893,5.15075757576,0.98,2021-03-25 09:06:41.221275
255,95.0,5.19,0.239534446681,0.96,0.147248668802,48.187251091,2.275,0.97,2021-03-25 15:07:19.627658
256,215.0,9.56,0.127558915298,0.98,0.0314618550513,48.1872603893,5.15075757576,0.98,2021-03-25 21:07:58.034041
257,95.0,5.19,0.239534446681,0.96,0.147248668802,48.187251091,2.275,0.97,2021-03-26 03:08:36.440424
258,102.5,11.66,0.195592088989,0.98,-0.00575273794687,48.1811938286,2.96439393939,0.99,2021-03-26 09:09:14.846807
259,102.5,11.66,0.195592088989,0.98,-0.00575273794687,48.1811938286,2.96439393939,0.99,2021-03-26 15:09:53.253190
260,305.0,11.89,0.106830519177,0.99,0.0750869575595,48.1667463779,4.01818181818,0.99,2021-03-26 21:10:31.659573
261,305.0,11.89,0.106830519177,0.99,0.0750869575595,48.1667463779,4.01818181818,0.99,2021-03-27 03:11:10.065956



262,125.0,6.18,0.211596725281,0.98,0.0993546992581,48.2070519924,1.2803030303,0.98,2021-03-27 09:11:48.472339
263,125.0,6.18,0.211596725281,0.98,0.0993546992581,48.2070519924,1.2803030303,0.98,2021-03-27 15:12:26.878722
264,252.5,14.05,0.235775369518,0.99,-0.0394677169918,48.1819503307,3.8803030303,0.99,2021-03-27 21:13:05.285105
265,252.5,14.05,0.235775369518,0.99,-0.0394677169918,48.1819503307,3.8803030303,0.99,2021-03-28 03:13:43.691488
266,215.0,12.54,0.12824145907,0.99,0.0206937238254,48.2131607533,3.72272727273,0.99,2021-03-28 09:14:22.097871
267,215.0,12.54,0.12824145907,0.99,0.0206937238254,48.2131607533,3.72272727273,0.99,2021-03-28 15:15:00.504254
268,170.0,8.05,0.146227129021,0.98,0.02040338401,43.2241845131,0.285606060606,0.98,2021-03-28 21:15:38.910637
269,170.0,8.05,0.146227129021,0.98,0.02040338401,43.2241845131,0.285606060606,0.98,2021-03-29 03:16:17.317020
270,140.0,13.38,0.252276342813,0.97,0.037109678638,48.2205359936,1.84166666667,0.97,2021-03-29 09:16:55.723403
271,140.0,13.38,0.252276342813,0.97,0.037109678638,48.2205359936,1.84166666667,0.97,2021-03-29 15:17:34.129786
272,207.5,12.68,0.141898009258,0.99,-0.00644961955991,43.2042734623,6.16515151515,0.99,2021-03-29 21:18:12.536169
273,207.5,12.68,0.141898009258,0.99,-0.00644961955991,43.2042734623,6.16515151515,0.99,2021-03-30 03:18:50.942552
274,125.0,9.95,0.189590953303,0.98,0.00748653824818,48.1995680332,0.807575757576,0.98,2021-03-30 09:19:29.348935
275,125.0,9.95,0.189590953303,0.98,0.00748653824818,48.1995680332,0.807575757576,0.98,2021-03-30 15:20:07.755318
276,170.0,10.73,0.174954051952,0.97,-0.00747378880611,43.1981766224,1.12272727273,0.98,2021-03-30 21:20:46.161701
277,170.0,10.73,0.174954051952,0.97,-0.00747378880611,43.1981766224,1.12272727273,0.98,2021-03-31 03:21:24.568084
278,170.0,11.3216666667,0.130790657334,0.97,0.00717120658612,48.1884667873,2.43257575758,0.97,2021-03-31 09:22:02.974467
279,170.0,11.3216666667,0.130790657334,0.97,0.00717120658612,48.1884667873,2.43257575758,0.97,2021-03-31 15:22:41.380850
280,132.5,11.22,0.124566056094,0.94,-0.00955647969984,48.1616327763,3.24015151515,0.95,2021-03-31 21:23:19.787233
281,132.5,11.22,0.124566056094,0.94,-0.00955647969984,48.1616327763,3.24015151515,0.95,2021-04-01 03:23:58.193616
282,185.0,13.56,0.111862598316,0.94,0.00408017041531,48.2361419201,1.52651515152,0.94,2021-04-01 09:24:36.599998
283,185.0,13.56,0.111862598316,0.94,0.00408017041531,48.2361419201,1.52651515152,0.94,2021-04-01 15:25:15.006382
284,35.0,7.19,0.218282455893,0.94,0.059068578916,48.2172977924,0.0,0.94,2021-04-01 21:25:53.412765
285,170.0,16.4266666667,0.141105058099,0.94,0.0548746424368,48.2007174492,2.64924242424,0.95,2021-04-02 03:26:31.819148
286,237.5,14.835,0.22658267302,0.99,0.0326599410427,48.1887874603,1.61515151515,0.99,2021-04-02 09:27:10.225530
287,35.0,7.19,0.218282455893,0.94,0.059068578916,48.2172977924,0.0,0.94,2021-04-02 15:27:48.631913
288,170.0,16.4266666667,0.141105058099,0.94,0.0548746424368,48.2007174492,2.64924242424,0.95,2021-04-02 21:28:27.038296
289,237.5,14.835,0.22658267302,0.99,0.0326599410427,48.1887874603,1.61515151515,0.99,2021-04-03 03:29:05.444679
290,125.0,7.61833333333,0.112731702609,0.97,0.0173185254758,48.1821177006,0.965151515152,0.98,2021-04-03 09:29:43.851062
291,125.0,7.61833333333,0.112731702609,0.97,0.0173185254758,48.1821177006,0.965151515152,0.98,2021-04-03 15:30:22.257445
292,260.0,17.3016666667,0.265667366143,0.99,0.0603182647199,48.239231348,1.10303030303,0.99,2021-04-03 21:31:00.663828
293,260.0,12.97,0.242999417883,0.99,0.0963847201958,48.1982533932,2.70833333333,0.99,2021-04-04 03:31:39.070211
294,80.0,10.18,0.209830526398,0.98,0.0831144359969,48.2230045795,1.07348484848,0.98,2021-04-04 09:32:17.476594



295,125.0,13.74,0.134956458,0.97,-0.0125779525524,43.2424767017,3.12196969697,0.97,2021-04-04 15:32:55.882977
296,155.0,16.31,0.0892900588643,0.99,-0.0358536354293,48.2199308872,3.19090909091,0.99,2021-04-04 21:33:34.289360
297,170.0,12.72,0.110941429711,0.98,-0.012972289517,48.2347452641,1.03409090909,0.98,2021-04-05 03:34:12.695743
298,110.0,13.56,0.235221489504,0.97,0.0793164049497,48.2098166943,1.09318181818,0.97,2021-04-05 09:34:51.102126
299,87.5,11.51,0.244355108653,0.96,0.0695740122858,48.1822662354,2.16666666667,0.96,2021-04-05 15:35:29.508509
300,110.0,9.36666666667,0.232825731379,0.95,0.0877353156875,43.1825101376,0.0,0.95,2021-04-05 21:36:07.914892
301,230.0,13.53,0.156354833249,0.94,-0.00851573561303,48.1800274849,3.75227272727,0.95,2021-04-06 03:36:46.321275
302,275.0,13.3,0.230468699778,0.97,0.00439979223913,48.2198653221,3.2303030303,0.97,2021-04-06 09:37:24.727658
303,215.0,11.17,0.107831046616,0.96,0.0208148454051,48.6426534653,0.975,0.96,2021-04-06 15:38:03.134041
304,222.5,13.49,0.237532662778,0.95,0.0880115141812,48.1920750141,1.56590909091,0.95,2021-04-06 21:38:41.540424
305,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-07 03:39:19.946807
306,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-07 09:39:58.353190
307,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-07 15:40:36.759573
308,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-07 21:41:15.165956
309,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-08 03:41:53.572339
310,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-08 09:42:31.978722
311,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-08 15:43:10.385105
312,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-08 21:43:48.791488
313,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-09 03:44:27.197871
314,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-09 09:45:05.604254
315,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-09 15:45:44.010637
316,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-09 21:46:22.417020
317,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-10 03:47:00.823403
318,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-10 09:47:39.229786
319,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-10 15:48:17.636169
320,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-10 21:48:56.042552
321,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-11 03:49:34.448935
322,170.0,10.78,0.133927101168,0.96,0.0345834613858,43.2105190754,0.630303030303,0.96,2021-04-11 09:50:12.855318
323,170.0,10.78,0.133927101168,0.96,0.0345834613858,43.2105190754,0.630303030303,0.96,2021-04-11 15:50:51.261701
324,170.0,10.78,0.133927101168,0.96,0.0345834613858,43.2105190754,0.630303030303,0.96,2021-04-11 21:51:29.668084
325,170.0,10.78,0.133927101168,0.96,0.0345834613858,43.2105190754,0.630303030303,0.96,2021-04-12 03:52:08.074466
326,170.0,10.78,0.133927101168,0.96,0.0345834613858,43.2105190754,0.630303030303,0.96,2021-04-12 09:52:46.480850
327,170.0,10.78,0.133927101168,0.96,0.0345834613858,43.2105190754,0.630303030303,0.96,2021-04-12 15:53:24.887233



328,170.0,10.78,0.133927101168,0.96,0.0345834613858,43.2105190754,0.630303030303,0.96,2021-04-12 21:54:03.293616
329,170.0,10.78,0.133927101168,0.96,0.0345834613858,43.2105190754,0.630303030303,0.96,2021-04-13 03:54:41.699998
330,170.0,10.78,0.133927101168,0.96,0.0345834613858,43.2105190754,0.630303030303,0.96,2021-04-13 09:55:20.106381
331,170.0,10.78,0.133927101168,0.96,0.0345834613858,43.2105190754,0.630303030303,0.96,2021-04-13 15:55:58.512764
332,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-13 21:56:36.919147
333,170.0,10.78,0.133927101168,0.96,0.0345834613858,43.2105190754,0.630303030303,0.96,2021-04-14 03:57:15.325530
334,237.5,14.43,0.231773678208,0.99,0.0791834718747,48.1768786907,3.83106060606,0.99,2021-04-14 09:57:53.731913
335,125.0,12.39,0.138925388459,0.98,0.0698019640422,48.1951379776,1.09318181818,0.98,2021-04-14 15:58:32.138296
336,200.0,16.1,0.229998755309,0.99,0.0470829140754,48.228479147,1.39848484848,0.99,2021-04-14 21:59:10.544679
337,305.0,14.73,0.0959954191332,0.98,0.0542731074864,48.1960964203,4.77651515152,0.98,2021-04-15 03:59:48.951062
338,110.0,9.81,0.248691654283,0.97,0.144391771049,48.1869699955,1.85151515152,0.97,2021-04-15 10:00:27.357445
339,237.5,12.02,0.245595145338,0.97,0.14905009523,48.2057583332,1.39848484848,0.98,2021-04-15 16:01:05.763828
340,132.5,7.26,0.165988272465,0.97,0.103062669923,48.2174503803,1.15227272727,0.97,2021-04-15 22:01:44.170211
341,80.0,14.6483333333,0.24956267254,0.99,0.0725176151957,48.2295105457,2.36363636364,0.99,2021-04-16 04:02:22.576594
342,260.0,13.97,0.250987967172,0.99,0.107663030846,48.1864233017,2.97424242424,0.99,2021-04-16 10:03:00.982977
343,170.0,7.63,0.23613309137,0.98,0.124853009181,48.19531703,0.019696969697,0.98,2021-04-16 16:03:39.389360
344,335.0,17.3716666667,0.15197230317,0.99,0.098935704822,48.2033956051,3.03333333333,0.99,2021-04-16 22:04:17.795743
345,297.5,15.9,0.148448376946,0.98,0.0347287099084,48.2037303448,3.47651515152,0.98,2021-04-17 04:04:56.202126
346,125.0,21.6133333333,0.269750599799,0.98,0.00442030081362,44.3808500767,1.51666666667,0.98,2021-04-17 10:05:34.608509
347,260.0,-127.0,0.232921651836,0.99,0.00749100289506,42.6642656326,0.502272727273,0.99,2021-04-17 16:06:13.014892
348,162.5,-127.0,0.218223537738,0.98,0.0369352591368,47.6559042931,0.384090909091,0.98,2021-04-17 22:06:51.421275
349,350.0,-127.0,0.154873268971,0.99,-0.0210570917128,47.7003381252,0.393939393939,0.99,2021-04-18 04:07:29.827658
350,215.0,-127.0,0.228673691049,0.97,-0.0708031819003,47.6849107742,0.00984848484848,0.97,2021-04-18 10:08:08.234041
351,252.5,-127.0,0.228978283327,0.99,0.00407719063358,47.6881434917,0.364393939394,0.99,2021-04-18 16:08:46.640424
352,155.0,-127.0,0.114061958044,0.98,0.048835440324,47.6830420494,0.0492424242424,0.98,2021-04-18 22:09:25.046807
353,320.0,-127.0,0.179810381455,0.99,0.00541891447411,47.71052742,0.0,0.99,2021-04-19 04:10:03.453190
354,327.5,-127.0,0.135973961955,0.98,-0.0906505812514,47.6682169437,0.0787878787879,0.98,2021-04-19 10:10:41.859573
355,35.0,-127.0,0.150822755909,0.97,0.00578818387134,42.7066409588,0.0492424242424,0.98,2021-04-19 16:11:20.265956
356,132.5,-127.0,0.162835843075,0.97,-0.0298537613554,47.6556386948,0.256060606061,0.97,2021-04-19 22:11:58.672339
357,237.5,-127.0,0.223663667253,0.98,0.0145939281987,42.6596457958,0.856818181818,0.99,2021-04-20 04:12:37.078722
358,95.0,-127.0,0.243727415534,0.98,0.0877963829609,47.661329031,0.0393939393939,0.98,2021-04-20 10:13:15.485105
359,80.0,-127.0,0.220984145352,0.97,-0.0285145345451,47.6979768276,0.315151515152,0.97,2021-04-20 16:13:53.891488
360,312.5,-127.0,0.0910534794034,0.98,-0.0220023171399,47.6707680225,1.57575757576,0.98,2021-04-20 22:14:32.297871



361,342.5,-127.0,0.125337579108,0.98,-0.0203792642034,42.6860983372,2.24545454545,0.98,2021-04-21 04:15:10.704254
362,20.0,-127.0,0.0900131726745,0.99,-0.0358037170619,47.6693012714,2.73787878788,0.99,2021-04-21 10:15:49.110637
363,125.0,-127.0,0.153992433157,0.98,0.0261753390093,47.7540874481,0.137878787879,0.98,2021-04-21 16:16:27.517020
364,335.0,-127.0,0.0743902065242,0.99,-0.104761222137,47.6615357399,2.42272727273,0.99,2021-04-21 22:17:05.923403
365,350.0,-127.0,0.106454147358,0.97,-0.0612184413336,47.6929290295,1.52651515152,0.97,2021-04-22 04:17:44.329786
366,260.0,17.3016666667,0.265667366143,0.99,0.0603182647199,48.239231348,1.10303030303,0.99,2021-04-22 10:18:22.736169
367,260.0,12.97,0.242999417883,0.99,0.0963847201958,48.1982533932,2.70833333333,0.99,2021-04-22 16:19:01.142552
368,80.0,10.18,0.209830526398,0.98,0.0831144359969,48.2230045795,1.07348484848,0.98,2021-04-22 22:19:39.548934
369,125.0,13.74,0.134956458,0.97,-0.0125779525524,43.2424767017,3.12196969697,0.97,2021-04-23 04:20:17.955317
370,155.0,16.31,0.0892900588643,0.99,-0.0358536354293,48.2199308872,3.19090909091,0.99,2021-04-23 10:20:56.361701
371,110.0,13.56,0.235221489504,0.97,0.0793164049497,48.2098166943,1.09318181818,0.97,2021-04-23 16:21:34.768083
372,87.5,11.51,0.244355108653,0.96,0.0695740122858,48.1822662354,2.16666666667,0.96,2021-04-23 22:22:13.174466
373,170.0,12.72,0.110941429711,0.98,-0.012972289517,48.2347452641,1.03409090909,0.98,2021-04-24 04:22:51.580849
374,110.0,9.36666666667,0.232825731379,0.95,0.0877353156875,43.1825101376,0.0,0.95,2021-04-24 10:23:29.987232
375,230.0,13.53,0.156354833249,0.94,-0.00851573561303,48.1800274849,3.75227272727,0.95,2021-04-24 16:24:08.393615
376,275.0,13.3,0.230468699778,0.97,0.00439979223913,48.2198653221,3.2303030303,0.97,2021-04-24 22:24:46.799998
377,215.0,11.17,0.107831046616,0.96,0.0208148454051,48.6426534653,0.975,0.96,2021-04-25 04:25:25.206381
378,222.5,13.49,0.237532662778,0.95,0.0880115141812,48.1920750141,1.56590909091,0.95,2021-04-25 10:26:03.612764
379,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-25 16:26:42.019147
380,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-25 22:27:20.425530
381,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-26 04:27:58.831913
382,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-26 10:28:37.238296
383,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-26 16:29:15.644679
384,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-26 22:29:54.051062
385,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-27 04:30:32.457445
386,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-27 10:31:10.863828
387,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-27 16:31:49.270211
388,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-27 22:32:27.676594
389,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-28 04:33:06.082977
390,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-28 10:33:44.489360
391,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-28 16:34:22.895743
392,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-28 22:35:01.302126
393,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-29 04:35:39.708509



394,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-29 10:36:18.114892
395,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-29 16:36:56.521275
396,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-29 22:37:34.927658
397,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-30 04:38:13.334041
398,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-30 10:38:51.740424
399,252.5,15.15,0.230411429468,0.97,0.0620067570726,48.2214207649,2.49166666667,0.97,2021-04-30 16:39:30.146807
400,237.5,14.43,0.231773678208,0.99,0.0791834718747,48.1768786907,3.83106060606,0.99,2021-04-30 22:40:08.553190
401,170.0,10.78,0.133927101168,0.96,0.0345834613858,43.2105190754,0.630303030303,0.96,2021-05-01 04:40:46.959573
402,170.0,10.78,0.133927101168,0.96,0.0345834613858,43.2105190754,0.630303030303,0.96,2021-05-01 10:41:25.365956
403,170.0,10.78,0.133927101168,0.96,0.0345834613858,43.2105190754,0.630303030303,0.96,2021-05-01 16:42:03.772339
404,170.0,10.78,0.133927101168,0.96,0.0345834613858,43.2105190754,0.630303030303,0.96,2021-05-01 22:42:42.178722
405,170.0,10.78,0.133927101168,0.96,0.0345834613858,43.2105190754,0.630303030303,0.96,2021-05-02 04:43:20.585105
406,170.0,10.78,0.133927101168,0.96,0.0345834613858,43.2105190754,0.630303030303,0.96,2021-05-02 10:43:58.991488
407,170.0,10.78,0.133927101168,0.96,0.0345834613858,43.2105190754,0.630303030303,0.96,2021-05-02 16:44:37.397871
408,170.0,10.78,0.133927101168,0.96,0.0345834613858,43.2105190754,0.630303030303,0.96,2021-05-02 22:45:15.804254
409,170.0,10.78,0.133927101168,0.96,0.0345834613858,43.2105190754,0.630303030303,0.96,2021-05-03 04:45:54.210637
410,170.0,10.78,0.133927101168,0.96,0.0345834613858,43.2105190754,0.630303030303,0.96,2021-05-03 10:46:32.617019
411,170.0,10.78,0.133927101168,0.96,0.0345834613858,43.2105190754,0.630303030303,0.96,2021-05-03 16:47:11.023402
412,125.0,12.39,0.138925388459,0.98,0.0698019640422,48.1951379776,1.09318181818,0.98,2021-05-03 22:47:49.429785
413,200.0,16.1,0.229998755309,0.99,0.0470829140754,48.228479147,1.39848484848,0.99,2021-05-04 04:48:27.836169
414,110.0,9.81,0.248691654283,0.97,0.144391771049,48.1869699955,1.85151515152,0.97,2021-05-04 10:49:06.242551
415,237.5,12.02,0.245595145338,0.97,0.14905009523,48.2057583332,1.39848484848,0.98,2021-05-04 16:49:44.648934
416,260.0,13.97,0.250987967172,0.99,0.107663030846,48.1864233017,2.97424242424,0.99,2021-05-04 22:50:23.055317
417,170.0,7.63,0.23613309137,0.98,0.124853009181,48.19531703,0.019696969697,0.98,2021-05-05 04:51:01.461700
418,80.0,14.6483333333,0.24956267254,0.99,0.0725176151957,48.2295105457,2.36363636364,0.99,2021-05-05 10:51:39.868083
419,132.5,7.26,0.165988272465,0.97,0.103062669923,48.2174503803,1.15227272727,0.97,2021-05-05 16:52:18.274466
420,335.0,17.3716666667,0.15197230317,0.99,0.098935704822,48.2033956051,3.03333333333,0.99,2021-05-05 22:52:56.680849
421,305.0,14.73,0.0959954191332,0.98,0.0542731074864,48.1960964203,4.77651515152,0.98,2021-05-06 04:53:35.087232
422,297.5,15.9,0.148448376946,0.98,0.0347287099084,48.2037303448,3.47651515152,0.98,2021-05-06 10:54:13.493615
423,125.0,21.6133333333,0.269750599799,0.98,0.00442030081362,44.3808500767,1.51666666667,0.98,2021-05-06 16:54:51.899998
424,260.0,-127.0,0.232921651836,0.99,0.00749100289506,42.6642656326,0.502272727273,0.99,2021-05-06 22:55:30.306381
425,162.5,-127.0,0.218223537738,0.98,0.0369352591368,47.6559042931,0.384090909091,0.98,2021-05-07 04:56:08.712764
426,350.0,-127.0,0.154873268971,0.99,-0.0210570917128,47.7003381252,0.393939393939,0.99,2021-05-07 10:56:47.119147



427,252.5,-127.0,0.228978283327,0.99,0.00407719063358,47.6881434917,0.364393939394,0.99,2021-05-07 16:57:25.525530
428,215.0,-127.0,0.228673691049,0.97,-0.0708031819003,47.6849107742,0.00984848484848,0.97,2021-05-07 22:58:03.931913
429,320.0,-127.0,0.179810381455,0.99,0.00541891447411,47.71052742,0.0,0.99,2021-05-08 04:58:42.338296
430,327.5,-127.0,0.135973961955,0.98,-0.0906505812514,47.6682169437,0.0787878787879,0.98,2021-05-08 10:59:20.744679
431,155.0,-127.0,0.114061958044,0.98,0.048835440324,47.6830420494,0.0492424242424,0.98,2021-05-08 16:59:59.151062
432,35.0,-127.0,0.150822755909,0.97,0.00578818387134,42.7066409588,0.0492424242424,0.98,2021-05-08 23:00:37.557445
433,132.5,-127.0,0.162835843075,0.97,-0.0298537613554,47.6556386948,0.256060606061,0.97,2021-05-09 05:01:15.963828
434,237.5,-127.0,0.223663667253,0.98,0.0145939281987,42.6596457958,0.856818181818,0.99,2021-05-09 11:01:54.370211
435,95.0,-127.0,0.243727415534,0.98,0.0877963829609,47.661329031,0.0393939393939,0.98,2021-05-09 17:02:32.776594
436,80.0,-127.0,0.220984145352,0.97,-0.0285145345451,47.6979768276,0.315151515152,0.97,2021-05-09 23:03:11.182977
437,312.5,-127.0,0.0910534794034,0.98,-0.0220023171399,47.6707680225,1.57575757576,0.98,2021-05-10 05:03:49.589360
438,342.5,-127.0,0.125337579108,0.98,-0.0203792642034,42.6860983372,2.24545454545,0.98,2021-05-10 11:04:27.995743
439,125.0,-127.0,0.153992433157,0.98,0.0261753390093,47.7540874481,0.137878787879,0.98,2021-05-10 17:05:06.402126
440,20.0,-127.0,0.0900131726745,0.99,-0.0358037170619,47.6693012714,2.73787878788,0.99,2021-05-10 23:05:44.808509
441,335.0,-127.0,0.0743902065242,0.99,-0.104761222137,47.6615357399,2.42272727273,0.99,2021-05-11 05:06:23.214892
442,350.0,-127.0,0.106454147358,0.97,-0.0612184413336,47.6929290295,1.52651515152,0.97,2021-05-11 11:07:01.621275
443,320.0,-127.0,0.0999602570711,0.98,-0.115884526956,47.6961288452,1.06363636364,0.99,2021-05-11 17:07:40.027658
444,320.0,-127.0,0.0999602570711,0.98,-0.115884526956,47.6961288452,1.06363636364,0.99,2021-05-11 23:08:18.434041
445,297.5,-127.0,0.103635499994,0.98,-0.0492838573072,47.7370896339,1.46742424242,0.99,2021-05-12 05:08:56.840424
446,297.5,-127.0,0.103635499994,0.98,-0.0492838573072,47.7370896339,1.46742424242,0.99,2021-05-12 11:09:35.246807
447,335.0,-127.0,0.133527111898,0.98,-0.0597994209754,47.6457033157,0.462878787879,0.98,2021-05-12 17:10:13.653190
448,335.0,-127.0,0.133527111898,0.98,-0.0597994209754,47.6457033157,0.462878787879,0.98,2021-05-12 23:10:52.059573
449,117.5,-127.0,0.190844341577,0.98,-0.085085794396,47.7067580223,0.157575757576,0.99,2021-05-13 05:11:30.465955
450,117.5,-127.0,0.190844341577,0.98,-0.085085794396,47.7067580223,0.157575757576,0.99,2021-05-13 11:12:08.872339
451,342.5,-127.0,0.0858304521731,0.98,-0.0986719181168,42.6857044697,1.3196969697,0.98,2021-05-13 17:12:47.278722
452,342.5,-127.0,0.0858304521731,0.98,-0.0986719181168,42.6857044697,1.3196969697,0.98,2021-05-13 23:13:25.685105
453,312.5,-127.0,0.0799087911607,0.97,-0.157429233991,47.7062978745,0.502272727273,0.98,2021-05-14 05:14:04.091487
454,312.5,-127.0,0.0799087911607,0.97,-0.157429233991,47.7062978745,0.502272727273,0.98,2021-05-14 11:14:42.497870
455,305.0,-127.0,0.108712238644,0.99,-0.126088927876,47.6599040031,0.285606060606,0.99,2021-05-14 17:15:20.904253
456,305.0,-127.0,0.108712238644,0.99,-0.126088927876,47.6599040031,0.285606060606,0.99,2021-05-14 23:15:59.310637
457,35.0,-127.0,0.185927492189,0.98,-0.0805549036036,47.6747694016,0.0,0.98,2021-05-15 05:16:37.717019
458,35.0,-127.0,0.185927492189,0.98,-0.0805549036036,47.6747694016,0.0,0.98,2021-05-15 11:17:16.123402
459,327.5,-127.0,0.0953799832207,0.98,-0.238963868448,47.7149398327,0.236363636364,0.98,2021-05-15 17:17:54.529785



460,327.5,-127.0,0.0953799832207,0.98,-0.238963868448,47.7149398327,0.236363636364,0.98,2021-05-15 23:18:32.936168
461,267.5,-127.0,0.126454380502,0.98,-0.229516764187,47.657750845,0.285606060606,0.98,2021-05-16 05:19:11.342551
462,267.5,-127.0,0.126454380502,0.98,-0.229516764187,47.657750845,0.285606060606,0.98,2021-05-16 11:19:49.748934
463,260.0,-127.0,0.179831216951,0.98,-0.0819564199902,47.6792480946,0.403787878788,0.98,2021-05-16 17:20:28.155317
464,260.0,-127.0,0.179831216951,0.98,-0.0819564199902,47.6792480946,0.403787878788,0.98,2021-05-16 23:21:06.561700
465,260.0,-127.0,0.137866575173,0.99,-0.104082939821,47.7010033131,0.384090909091,0.99,2021-05-17 05:21:44.968083
466,260.0,-127.0,0.137866575173,0.99,-0.104082939821,47.7010033131,0.384090909091,0.99,2021-05-17 11:22:23.374466
467,230.0,-127.0,0.145221448644,0.99,-0.113064549019,42.9759428501,0.620454545455,0.99,2021-05-17 17:23:01.780849
468,230.0,-127.0,0.145221448644,0.99,-0.113064549019,42.9759428501,0.620454545455,0.99,2021-05-17 23:23:40.187232
469,230.0,-127.0,0.190829444361,0.98,-0.0603341271733,47.6892068386,0.167424242424,0.98,2021-05-18 05:24:18.593615
470,357.5,-127.0,0.0949690453092,0.97,-0.134595760861,42.7132940292,0.462878787879,0.98,2021-05-18 11:24:56.999998



Tower_2

,direction,peak2,temp,peakl,angle_z,battery_end,angle_x,uptime,windspeed,battery_start,date
0,300.0,95.7272679259625,10.8883333333333,31.5618739734131,0.0,0.73,0.0,58.6917600631714,5.71212121212121,0.73,2021-02-10 13:30:05.999996
1,277.5,91.7542602827082,10.75,39.6803327669828,-0.043326308900662,0.72,-0.061406082256932,48.4052410125732,3.29924242424242,0.72,2021-02-10 20:49:48.770488
2,300.0,78.22604452171,11.7916666666667,25.2073272626549,0.0,0.72,0.0,48.4173626899719,4.17575757575758,0.72,2021-02-11 04:09:31.540980
3,165.0,52.3682703278329,16.0,0.312335608317095,0.191022559314016,0.7,0.128941118293027,43.4449725151062,0.915909090909091,0.7,2021-02-11 11:29:14.311472
4,-7.5,95.0873554340161,8.41,14.580755488239,-0.013490608131678,0.68,-0.000636496464384,43.4531164169312,0.659848484848485,0.68,2021-02-11 18:48:57.081964
5,300.0,87.0525006042806,7.35666666666667,9.16342111624007,-0.034617775002059,0.68,0.089796920229962,48.3875541687012,0.147727272727273,0.68,2021-02-12 02:08:39.852456
6,300.0,66.4492286848179,11.16,7.70727730827042,0.053620112144134,0.66,0.162900456917169,43.4218034744263,0.689393939393939,0.67,2021-02-12 09:28:22.622947
7,120.0,97.8263838705248,8.29,13.022681558909,-0.016149437030671,0.66,-0.001153242295985,48.4124157428741,1.74318181818182,0.66,2021-02-12 16:48:05.393439
8,262.5,103.113305785005,5.03,10.8321048501419,-0.087941153814394,0.66,0.092714407414229,48.4494295120239,0.0,0.66,2021-02-13 00:07:48.163931
9,120.0,101.795392963563,14.5433333333333,18.3377575860666,0.16576674617844,0.65,0.118549931465433,48.4241514205933,1.85151515151515,0.66,2021-02-13 07:27:30.934423
10,142.5,80.8384588853702,9.83333333333333,19.0637087319881,0.006933060384603,0.65,0.013095586639345,48.4363009929657,2.32424242424242,0.65,2021-02-13 14:47:13.704915
11,60.0,100.307487118271,6.97,46.2476887648101,-0.05095816190191,0.63,-0.010656312454723,48.4074850082398,0.748484848484849,0.64,2021-02-13 22:06:56.475407
12,30.0,66.6502790721002,5.44,10.1016829218652,-0.064902626053894,0.62,-0.042015699556878,48.4285244941711,1.43787878787879,0.62,2021-02-14 05:26:39.245898
13,255.0,78.426812685205,4.88,4.37440389479231,-0.062553877841799,0.61,0.104707638044051,48.4443867206574,0.0,0.62,2021-02-14 12:46:22.016390
14,210.0,102.791844006722,8.69,39.2629434554552,-0.003721051469038,0.6,-0.12008240845989,48.4161524772644,1.99924242424242,0.6,2021-02-14 20:06:04.786882
15,210.0,90.6087171647676,7.64,17.601003679133,0.007471442498334,0.59,0.096438999324223,48.4058790206909,0.492424242424243,0.59,2021-02-15 03:25:47.557374
16,217.5,70.9256689600657,8.3,10.5190786563387,0.0,0.59,0.0,48.4210588932037,0.915909090909091,0.59,2021-02-15 10:45:30.327866
17,217.5,91.9779456494753,9.095,32.3954032808458,-0.01325102325033,0.58,-0.0852772737666,43.4477014541626,2.44242424242424,0.58,2021-02-15 18:05:13.098358
18,225.0,58.1297531138631,11.04,3.43778109813169,0.008202182537911,0.57,-0.084423441151025,48.447256565094,2.36363636363636,0.58,2021-02-16 01:24:55.868850
19,210.0,97.6852009941891,8.89,45.1976303107442,-0.019531622720452,0.57,-0.088558053664871,48.4250388145447,3.41742424242424,0.57,2021-02-16 08:44:38.639342
20,0.0,80.0867180926376,6.58333333333333,6.66521450966034,0.036019212866227,0.57,0.127425358610649,43.4458405971527,0.984848484848485,0.57,2021-02-16 16:04:21.409833
21,75.0,73.4282181847562,5.89,11.0402711029562,-0.002560365834697,0.57,-0.014081431411186,48.3710083961487,0.0,0.57,2021-02-16 23:24:04.180325
22,127.5,103.304693951361,13.17,46.7578705485493,0.104026649888321,0.56,-0.086745381185351,48.3939568996429,3.01363636363636,0.56,2021-02-17 06:43:46.950817
23,210.0,94.6562320492974,8.95,14.3702530503884,0.063581560087574,0.56,0.025432327639596,48.4189765453339,0.541666666666667,0.56,2021-02-17 14:03:29.721309
24,187.5,93.3295341716405,7.69,9.99959294696148,0.0,0.55,0.0,48.4149036407471,1.16212121212121,0.55,2021-02-17 21:23:12.491801
25,165.0,65.6232303917051,7.14,9.99973034540268,0.014901340190331,0.55,0.014258567770079,43.390082359314,1.56590909090909,0.55,2021-02-18 04:42:55.262293
26,165.0,98.8461738828138,8.87833333333334,46.142102244559,0.006412368173796,0.53,-0.014106922154799,48.4181914329529,1.4280303030303,0.53,2021-02-18 12:02:38.032784
27,195.0,92.5036333356318,6.64,14.1672231234751,0.0,0.53,0.0,48.3998658657074,0.364393939393939,0.53,2021-02-18 19:22:20.803276
28,-15.0,71.9790231220735,6.16,11.0416446468014,0.047220609283337,0.53,0.017234756575873,43.4327704906464,0.965151515151515,0.53,2021-02-19 02:42:03.573768
29,255.0,69.4468234239137,6.51,10.5159357808325,0.028981049001212,0.51,-0.082848561801943,48.41313123703,1.26060606060606,0.51,2021-02-19 10:01:46.344260
30,165.0,94.7958776164975,7.9,15.5215228185254,0.140268963938437,0.5,0.129348364126421,48.4326319694519,1.05378787878788,0.51,2021-02-19 17:21:29.114752
31,120.0,84.3406744591275,11.5616666666667,18.7423721020283,0.187668353804848,0.5,-0.035972501937186,48.4111649990082,2.99393939393939,0.5,2021-02-20 00:41:11.885244
32,45.0,100.703037647705,5.9,15.204388310822,-0.002699995629181,0.49,-0.04828205469111,48.3953025341034,1.29015151515152,0.49,2021-02-20 08:00:54.655735
33,37.5,96.0282777470468,6.83333333333333,32.1830128241187,0.041955931545973,0.48,-0.043954024397574,48.4229810237885,2.03863636363636,0.48,2021-02-20 15:20:37.426227
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137,37.5,68.7,10.2,10.2,0.20864457621,0.02,0.168740681257,48.4288806915,0.472727272727,0.02,2021-03-24 09:30:45.557379
138,225.0,68.7,10.26,10.2,0.0553657440245,0.02,-0.0141781778897,48.4563391209,1.51666666667,0.02,2021-03-24 16:50:28.327871
139,165.0,68.7,10.22,10.2,0.208568231511,0.02,0.171542852632,48.4082727432,1.33939393939,0.02,2021-03-25 00:10:11.098363
140,210.0,68.7,8.31,10.2,0.128301413926,0.02,0.0967362416421,43.4495818615,0.590909090909,0.02,2021-03-25 07:29:53.868855
141,195.0,68.7,6.49,10.2,0.0773192846306,0.02,0.0868163320999,48.4092888832,0.00984848484848,0.02,2021-03-25 14:49:36.639347
142,157.5,68.7,16.625,10.2,0.210106752408,0.02,0.0695830746515,48.4119715691,3.04318181818,0.02,2021-03-25 22:09:19.409838
143,165.0,68.7,11.21,10.2,0.117026669557,0.02,0.0274752315604,48.4186880589,0.413636363636,0.02,2021-03-26 05:29:02.180330
144,90.0,68.7,6.51,10.2,0.0953814907993,0.02,0.0855039847749,48.4435350895,0.590909090909,0.02,2021-03-26 12:48:44.950822
145,75.0,68.7,20.2483333333,10.2,0.232414773028,0.02,-0.0234117962806,48.4223997593,2.05833333333,0.02,2021-03-26 20:08:27.721314
146,120.0,68.7,14.43,10.2,0.143903830204,0.02,0.0115120742022,43.4442477226,1.01439393939,0.02,2021-03-27 03:28:10.491806
147,30.0,68.7,8.26,10.2,0.0717133020807,0.01,0.0428247046483,48.400894165,0.699242424242,0.02,2021-03-27 10:47:53.262298
148,232.5,68.7,13.19,10.2,0.126440510144,0.01,0.0560438402475,48.4525597095,0.817424242424,0.02,2021-03-27 18:07:36.032789
149,135.0,68.7,7.46,10.2,0.143082978457,0.01,0.164392130746,48.4048323631,0.531818181818,0.02,2021-03-28 01:27:18.803281
150,165.0,68.7,12.55,10.2,0.191834318499,0.01,0.146337094815,48.4610025883,1.24090909091,0.01,2021-03-28 08:47:01.573773
151,300.0,68.7,6.93,10.2,0.0206232679085,0.01,0.0463161327189,48.4126822948,0.157575757576,0.01,2021-03-28 16:06:44.344265
152,127.5,68.7,6.55,10.2,0.136538352469,0.01,0.161332279279,48.4172701836,0.354545454545,0.01,2021-03-28 23:26:27.114757
153,262.5,68.7,10.43,10.2,0.177939143009,0.0,0.174202488242,43.4469299316,0.019696969697,0.01,2021-03-29 06:46:09.885249
154,22.5,68.7,9.07166666667,10.2,0.132275171481,0.0,0.147877513551,48.3777089119,1.3,0.01,2021-03-29 14:05:52.655740
155,75.0,68.7,19.4883333333,10.2,0.136421231744,0.0,0.0146289264621,48.4672288895,1.9696969697,0.01,2021-03-29 21:25:35.426232
156,210.0,68.7,19.95,10.2,0.120044866076,0.0,-0.0146238210583,48.4477338791,5.31818181818,0.01,2021-03-30 04:45:18.196724
157,135.0,68.7,13.96,10.2,0.0612392209252,0.0,0.0443228381516,48.4593477249,1.58560606061,0.0,2021-03-30 12:05:00.967216



158,255.0,68.7,7.38,10.2,0.172533469581,0.03,0.165062639485,43.4556758404,0.137878787879,0.03,2021-03-30 19:24:43.737708
159,135.0,68.7,14.64,10.2,0.213338609174,0.03,0.0788139106422,48.4111728668,2.86590909091,0.03,2021-03-31 02:44:26.508200
160,120.0,68.7,7.75,10.2,0.0647789338706,0.03,0.0371622164696,43.4072957039,1.11287878788,0.03,2021-03-31 10:04:09.278692
161,202.5,68.7,10.52,10.2,0.0797620931987,0.03,0.0370213189425,48.4884812832,1.57575757576,0.03,2021-03-31 17:23:52.049183
162,255.0,68.7,9.8,10.2,0.0662117411509,0.03,0.0439132149197,48.4420425892,1.17196969697,0.03,2021-04-01 00:43:34.819675
163,37.5,68.7,10.2,10.2,0.20864457621,0.02,0.168740681257,48.4288806915,0.472727272727,0.02,2021-04-01 08:03:17.590167
164,225.0,68.7,10.26,10.2,0.0553657440245,0.02,-0.0141781778897,48.4563391209,1.51666666667,0.02,2021-04-01 15:23:00.360659
165,165.0,68.7,10.22,10.2,0.208568231511,0.02,0.171542852632,48.4082727432,1.33939393939,0.02,2021-04-01 22:42:43.131151
166,210.0,68.7,8.31,10.2,0.128301413926,0.02,0.0967362416421,43.4495818615,0.590909090909,0.02,2021-04-02 06:02:25.901643
167,195.0,68.7,6.49,10.2,0.0773192846306,0.02,0.0868163320999,48.4092888832,0.00984848484848,0.02,2021-04-02 13:22:08.672135
168,157.5,68.7,16.625,10.2,0.210106752408,0.02,0.0695830746515,48.4119715691,3.04318181818,0.02,2021-04-02 20:41:51.442626
169,165.0,68.7,11.21,10.2,0.117026669557,0.02,0.0274752315604,48.4186880589,0.413636363636,0.02,2021-04-03 04:01:34.213118
170,90.0,68.7,6.51,10.2,0.0953814907993,0.02,0.0855039847749,48.4435350895,0.590909090909,0.02,2021-04-03 11:21:16.983610
171,75.0,68.7,20.2483333333,10.2,0.232414773028,0.02,-0.0234117962806,48.4223997593,2.05833333333,0.02,2021-04-03 18:40:59.754102
172,120.0,68.7,14.43,10.2,0.143903830204,0.02,0.0115120742022,43.4442477226,1.01439393939,0.02,2021-04-04 02:00:42.524594
173,30.0,68.7,8.26,10.2,0.0717133020807,0.01,0.0428247046483,48.400894165,0.699242424242,0.02,2021-04-04 09:20:25.295086
174,232.5,68.7,13.19,10.2,0.126440510144,0.01,0.0560438402475,48.4525597095,0.817424242424,0.02,2021-04-04 16:40:08.065578
175,135.0,68.7,7.46,10.2,0.143082978457,0.01,0.164392130746,48.4048323631,0.531818181818,0.02,2021-04-04 23:59:50.836069
176,165.0,68.7,12.55,10.2,0.191834318499,0.01,0.146337094815,48.4610025883,1.24090909091,0.01,2021-04-05 07:19:33.606561
177,300.0,68.7,6.93,10.2,0.0206232679085,0.01,0.0463161327189,48.4126822948,0.157575757576,0.01,2021-04-05 14:39:16.377053
178,127.5,68.7,6.55,10.2,0.136538352469,0.01,0.161332279279,48.4172701836,0.354545454545,0.01,2021-04-05 21:58:59.147545
179,262.5,68.7,10.43,10.2,0.177939143009,0.0,0.174202488242,43.4469299316,0.019696969697,0.01,2021-04-06 05:18:41.918037
180,22.5,68.7,9.07166666667,10.2,0.132275171481,0.0,0.147877513551,48.3777089119,1.3,0.01,2021-04-06 12:38:24.688529
181,75.0,68.7,19.4883333333,10.2,0.136421231744,0.0,0.0146289264621,48.4672288895,1.9696969697,0.01,2021-04-06 19:58:07.459020
182,210.0,68.7,19.95,10.2,0.120044866076,0.0,-0.0146238210583,48.4477338791,5.31818181818,0.01,2021-04-07 03:17:50.229512
183,135.0,68.7,13.96,10.2,0.0612392209252,0.0,0.0443228381516,48.4593477249,1.58560606061,0.0,2021-04-07 10:37:33.000004



import time

import numpy as np

import re

import matplotlib.pyplot as plt
import time

import serial

import os

import scipy.signal as signal
import datetime

from scipy.optimize import minimize
from scipy.spatial.transform import Rotation as R

working dir = '/home/pi/SmartTower/'

def rotation(angles, acc_vector, vertical_axis):
angles = np.asarray([angles[@], @, angles[1]])
r = R.from_euler('zyx', angles, degrees = True) #Define rotation
ideal value = np.zeros(3) #Define an ideal outcome vector after the
application of rotation
ideal value[vertical axis] = -1 #Set the vertical axis value to gravity,
while keeping the rest of axes with © value
acc_vector = abs(r.apply(acc_vector) - ideal value) #Apply rotation and
substract ideal outcome
return np.linalg.norm(acc_vector) #Return the norm. The norm of the desired
vector should be ©
try:
try:
ser_weather = serial.Serial('/dev/ttyUSB1l', 9600) #Serial connection to
weather Arduino
ser_accl = serial.Serial('/dev/ttyUSBO', 115200) #Serial connection to
accelerometer Arduino
value = ser_weather.readline().decode('utf-8') #Get the serial value and
decode it to string
except:
ser_weather = serial.Serial('/dev/ttyUSBO', 9600) #Serial connection to
weather Arduino
ser_accl = serial.Serial('/dev/ttyUSB1l', 115200) #Serial connection to
accelerometer Arduino
except:
try:
ser_weather = serial.Serial('/dev/ttyUSB6', 9600) #Serial connection to
weather Arduino
ser_accl = serial.Serial('/dev/ttyUSB5', 115200) #Serial connection to
accelerometer Arduino
value = ser_weather.readline().decode('utf-8') #Get the serial value and
decode it to string
except:
ser_weather = serial.Serial('/dev/ttyUSB5', 9600) #Serial connection to
weather Arduino
ser_accl = serial.Serial('/dev/ttyUSB6', 115200) #Serial connection to
accelerometer Arduino

i=290
vertical axis = 1 #Axis which points down



sample_number = 1000 #Amount of samples to be obained (time_window =
sample_number*delta_t)

time_vector = []

acc_vectorl = []

# acc_vector2 = []

# acc_vector3 []

t = time.time() #Get refference time

while i<sample number+10:
valuel = ser_accl.readline().decode('IS0-8859-1") #Acquire data from Arduino
in serial
# value2 = ser_acc2.readline().decode('IS0-8859-1") #Acquire data from
Arduino in serial
# value3 = ser_acc3.readline().decode('IS0-8859-1") #Acquire data from
Arduino in serial
if i ==
elapsed init = time.time() - t #Get true initial time vs refference
elapsed = time.time() - t #Get current time vs refference
if elapsed > (elapsed init + i*5/1000): #Get only values propperly formatted
every (1/desired_sampling rate)
elapsed = time.time() - t #Get current time vs refference
time_vector.append(elapsed) #Store current time
acc_vectorl.append(valuel) #Store the acceleration value

# acc_vector2.append(value2) #Store the acceleration value
# acc_vector3.append(value3) #Store the acceleration value
i=1i+1

#Format the time vector properly for stacking with acc if needed and with the
propper length, discarding initial 10 values

time_vector = np.array(time_vector).reshape((-1,1))
time_vector=time_vector-time_vector[10]

time_vector=time_vector[10:,:]

average delta t = np.average(np.array([time_vector[i]-time_vector[i-1] for i in
range(1l,len(time_vector))])) #Get average (1/sampling_rate)

acc_vectorl = acc_vectorl[10:] #Discard 10 initial values

acc_vectorl = np.array([np.nan_to_num(np.array(re.findall(r"[-+]?\d*\.\d+|\d+",
i), dtype="<U5').astype(np.float)) for i in acc_vectorl]) #Convert acceleration
vector to float by finding all floats in every acc entry with re, forcing it to
strings with 5 or less characters type, and converting it to float, for every
acc entry

# acc_vector2 = acc_vector2[10:] #Discard 10 initial values

# acc_vector2 =
np.array([np.nan_to_num(np.array(re.findall(r"[-+]2\d*\.\d+|\d+", i),
dtype='<U5').astype(np.float)) for i in acc_vector2]) #Convert acceleration
vector to float by finding all floats in every acc entry with re, forcing it to
strings with 5 or less characters type, and converting it to float, for every
acc entry

# acc_vector3 = acc_vector3[10:] #Discard 10 initial values

# acc_vector3 =

np.array([np.nan_to _num(np.array(re.findall(r"[-+]2\d*\.\d+|\d+", i),
dtype="<U5").astype(np.float)) for i in acc_vector3]) #Convert acceleration
vector to float by finding all floats in every acc entry with re, forcing it to



strings with 5 or less characters type, and converting it to float, for every
acc entry

#Discard all null acceleration values, substituting them for the next value, or
the previous value if the last one is null
for i in range(len(acc_vectorl)):
if
((np.abs(acc_vectorl[i,@])+np.abs(acc_vectorl[i,1])+np.abs(acc_vectorl[i,2]))<0.
25):
if i<(len(acc_vectorl)-1):
acc_vectorl[i,:]=acc_vectorl[i+l,:]
else:
acc_vectorl[i,:]=acc_vectorl[i-1,:]
# #Discard all null acceleration values, substituting them for the next value,
or the previous value if the last one is null
# for i in range(len(acc_vector2)):

# if
((np.abs(acc_vector2[i,0])+np.abs(acc_vector2[i,1])+np.abs(acc_vector2[i,2]))<0.
25):

# if i<(len(acc_vector2)-1):

# acc_vector2[i,:]=acc_vector2[i+l,:]

# else:

# acc_vector2[i,:]=acc_vector2[i-1,:]

# #Discard all null acceleration values, substituting them for the next value,
or the previous value if the last one is null
# for i in range(len(acc_vector3)):

# if
((np.abs(acc_vector3[i,0])+np.abs(acc_vector3[i,1])+np.abs(acc_vector3[i,2]))<0.
25):

# if i<(len(acc_vector3)-1):

# acc_vector3[i,:]=acc_vector3[i+l,:]

# else:

# acc_vector3[i,:]=acc_vector3[i-1,:]

acc_vectorl = np.mean(acc_vectorl, axis=0) #Get the mean of the acceleration on
each axis

anglesl = minimize(rotation, [@, @], args = (acc_vectorl, vertical axis))
#0btain the angles that makes the value of the acceleration the closest to
having the gravity value entirely in the vertical axis

anglesl = np.asarray([anglesl.x[0], @, anglesl.x[1]])

np.save(working dir + 'anglesl.npy', anglesl) #Save the angle values in an npy
file for later use

# acc_vector2 = np.mean(acc_vector2, axis=0) #Get the mean of the acceleration
on each axis

# angles2 = minimize(rotation, [@, @, @], args = (acc_vector2, vertical axis))
#0btain the angles that makes the value of the acceleration the closest to
having the gravity value entirely in the vertical axis

# np.save('angles2.npy', angles2.x) #Save the angle values in an npy file for
later use

# acc_vector3 = np.mean(acc_vector3, axis=0) #Get the mean of the acceleration
on each axis

# angles3 = minimize(rotation, [@, @, @], args = (acc_vector3, vertical_axis))
#0btain the angles that makes the value of the acceleration the closest to
having the gravity value entirely in the vertical axis

# np.save('angles3.npy', angles3.x) #Save the angle values in an npy file for



later use



import time

import numpy as np

import re

import serial

import os

import scipy.signal as signal
import datetime

from scipy.spatial.transform import Rotation as R
import warnings

import pijuice

import RPi.GPIO as GPIO

from scipy.optimize import minimize
import shutil

import socket

import subprocess

import pickle

import sklearn

uptime = time.time()

warnings.filterwarnings("ignore")

#PiJuice WakeUpEnable script
while not os.path.exists('/dev/i2c-1"):

pj =

time.sleep(0.1)

pijuice.PiJuice(1, 0x14)

pj.rtcAlarm.SetWakeupEnabled(True)
#End of PiJuice WakeUpEnable script

battery start = pj.status.GetChargelLevel()['data']/100

def

internet(host="8.8.8.8", port=53, timeout=3):

Host: 8.8.8.8 (google-public-dns-a.google.com)
OpenPort: 53/tcp
Service: domain (DNS/TCP)

try:

socket.setdefaulttimeout (timeout)
socket.socket(socket.AF_INET, socket.SOCK_STREAM).connect((host, port))
return True

except socket.error as ex:

def

print(ex)
return False

rotation(angles, acc_vector, vertical axis):

angles = np.asarray([angles[0@], @, angles[1]])

r = R.from_euler('zyx', angles, degrees = True) #Define rotation
ideal_value = np.zeros(3) #Define an ideal outcome vector after the

application of rotation

ideal _value[vertical_axis] = -1 #Set the vertical axis value to gravity,

while keeping the rest of axes with © value



acc_vector = abs(r.apply(acc_vector) - ideal _value) #Apply rotation and
substract ideal outcome

return np.linalg.norm(acc_vector) #Return the norm. The norm of the desired
vector should be ©

working dir = '/home/pi/SmartTower/'
data_dir = working_dir + 'data/' #Directory where data will be stored
current_dir_name = '{date:%Y-%m-%d %H-%M}'.format(date=datetime.datetime.now())
current_dir = data_dir + current_dir_name
if not os.path.exists(current_dir):

os.makedirs(current_dir)

shutil.copyfile(working dir + 'static.csv', current_dir + '/static.csv')

#This function gets the coefficients for the construction of a lowpass filter of
cutoff frequency "cutoff", sampling
#frequency "fs" and order "order".
def butter lowpass(cutoff, fs, order=5):
nyqg = 0.5 * fs
normal cutoff = cutoff / nyq
b, a = signal.butter(order, normal_cutoff, btype='low', analog=False)
return b, a

#This function applies the filter built with the previous function to the data
vector "data".
def butter lowpass filter(data, cutoff, fs, order=5):

b, a = butter_lowpass(cutoff, fs, order=order)

y = signal.lfilter(b, a, data)

return y

try:
try:
ser_weather = serial.Serial('/dev/ttyUSBl', 9600) #Serial connection to
weather Arduino
ser_accl = serial.Serial('/dev/ttyUSBO', 115200) #Serial connection to
accelerometer Arduino
value = ser_weather.readline().decode('utf-8') #Get the serial value and
decode it to string
except:
ser_weather = serial.Serial('/dev/ttyUSBO', 9600) #Serial connection to
weather Arduino
ser_accl = serial.Serial('/dev/ttyUSB1l', 115200) #Serial connection to
accelerometer Arduino
value = ser_weather.readline().decode('utf-8') #Get the serial value and
decode it to string
except:
try:
ser_weather = serial.Serial('/dev/ttyUSB6', 9600) #Serial connection to
weather Arduino
ser_accl = serial.Serial('/dev/ttyUSB5', 115200) #Serial connection to
accelerometer Arduino
value = ser_weather.readline().decode('utf-8') #Get the serial value and
decode it to string
except:



ser_weather = serial.Serial('/dev/ttyUSB5', 9600) #Serial connection to
weather Arduino

ser_accl = serial.Serial('/dev/ttyUSB6', 115200) #Serial connection to
accelerometer Arduino

#tser_acc2 = serial.Serial('/dev/ttyUSB2', 115200) #Serial connection to
accelerometer Arduino
#tser_acc3 = serial.Serial('/dev/ttyUSB2', 115200) #Serial connection to
accelerometer Arduino

i = 0 #Reset counter

size = 3 #Amount of wind speed, direction and temperature data points before the
vibrations measurement

time_hist=[] #define the vector where the weather info will be stored

while i<size + 1:
try:
value = ser_weather.readline().decode('utf-8') #Get the serial value and
decode it to string
time_hist.append(value) #Store the value in the time_hist vector

except:
i=1i-1
i=1i+1

time_hist = time hist[1:] #Discard the first value

g = 9.80665 #Value of gravity on Earth

vertical_axis = 1 #Axis which points down x:0 y:1 z:2

sample _number = 2000 #Amount of samples to be obained (time_window =
sample_number*delta_t)

average delta t =1

print(5)
time.sleep(1)
print(4)
time.sleep(1)
print(3)
time.sleep(1)
print(2)
time.sleep(1)
print(1)
time.sleep(1)
print('Go!")

HHHFHHFHHHHEHH

while average delta t>=0.005001:
i=o0
acc_vectorl = []
# acc_vector2 = []
# acc_vector3 = []
time_vector = []
t = time.time() #Get refference time

while i<sample number+10:
valuel = ser_accl.readline().decode('IS0-8859-1") #Acquire data from
Arduino in serial



# value2 = ser_acc2.readline().decode('IS0-8859-1") #Acquire data from
Arduino in serial

# value3 = ser_acc3.readline().decode('IS0-8859-1") #Acquire data from
Arduino in serial
if i ==

elapsed init = time.time() - t #Get true initial time vs refference
elapsed = time.time() - t #Get current time vs refference
if elapsed > (elapsed init + i*4.8/1000): #Get only values propperly
formatted every (1/desired_sampling rate)
elapsed = time.time() - t #Get current time vs refference
time_vector.append(elapsed) #Store current time
acc_vectorl.append(valuel) #Store the acceleration value

# acc_vector2.append(value2) #Store the acceleration value
# acc_vector3.append(value3) #Store the acceleration value
i=1i+1

#Format the time vector properly for stacking with acc if needed and with
the propper length, discarding initial 10 values

time_vector = np.array(time_vector).reshape((-1, 1))

time_vector = time_vector - time vector[10]

time_vector = time_vector[10:,:]

acc_vector_monitor = acc_vectorl

average_delta_t = np.average(np.array([time_vector[i] - time_vector[i-1] for
i in range(1, len(time_vector))])) #Get average (1/sampling rate)
# print('read')

i = 0 #Reset counter
while i<size:

value = ser_weather.readline().decode('utf-8') #Get the serial value and
decode it to string

time_hist.append(value) #Store the value in the time_hist vector

i=1i+1

time_hist = np.array([i.split('\\"')[@].split(';"') for i in time_hist]) #Reformat
the "time_hist" vector to have all values separated

windspeed = np.average(time_hist[:,0].astype('float')) #Get average wind speed
direction = time_hist[:,1] #Get direction values

direction_dictionary = {'N': @, 'NE': 45, 'E': 90, 'SE': 135, 'S': 180, 'SW':
225, 'W': 270, 'NW': 315} #Dictionary for direction to degree conversion
direction = np.average(np.array([direction_dictionary[i] for i in direction]))
#Convert direction to degrees

temp = np.average(time_hist[:,2].astype('float')) #Get temperature

acc_vectorl = acc_vectorl[10:] #Discard 10 initial values

acc_vectorl = np.array([np.nan_to_num(np.array(re.findall(r"[-+]2\d*\.\d+|\d+",
i), dtype='<U5').astype(np.float)) for i in acc_vectorl]) #Convert acceleration
vector to float by finding all floats in every acc entry with re, forcing it to
strings with 5 or less characters type, and converting it to float, for every
acc entry

acc_vectorl = acc_vectorl*g #Convert acceleration values to m*s”~-2

#tacc_vector2 = acc_vector2[10:] #Discard 10 initial values

#acc_vector2 = np.array([np.nan_to _num(np.array(re.findall(r"[-+]?\d*\.\d+|\d+",
i), dtype="<U5').astype(np.float)) for i in acc_vector2]) #Convert acceleration
vector to float by finding all floats in every acc entry with re, forcing it to



strings with 5 or less characters type, and converting it to float, for every
acc entry
#acc_vector2

acc_vector2*g #Convert acceleration values to m*s”~2
#acc_vector3 = acc_vector3[10:] #Discard 10 initial values

#acc_vector3 = np.array([np.nan_to_num(np.array(re.findall(r"[-+]2\d*\.\d+|\d+",
i), dtype='<U5').astype(np.float)) for i in acc_vector3]) #Convert acceleration
vector to float by finding all floats in every acc entry with re, forcing it to
strings with 5 or less characters type, and converting it to float, for every
acc entry

#acc_vector3 = acc_vector3*g #Convert acceleration values to m*s”-2

try:
rotation_anglesl = np.load(working dir + 'anglesl.npy') #Import calibration
rotation angles
except:
try:
rotation_anglesl = np.load(working _dir + 'angles2.npy') #Import
calibration rotation angles
os.system('python3 ' + working_dir + 'calibration.py')
os.remove(working dir + 'angles2.npy')
rotation_anglesl = np.load(working_dir + 'anglesl.npy') #Import
calibration rotation angles
except:
os.system('python3 ' + working dir + 'calibration.py')
os.rename(working_dir + 'anglesl.npy', working_ dir + 'angles2.npy')
rotation_anglesl = np.load(working dir + 'angles2.npy') #Import
calibration rotation angles

#rotation_angles2
rotation angles
#trotation_angles3 = np.load('angles3.npy') #Import calibration rotation angles
rl = R.from_euler('zyx', rotation_anglesl, degrees = True) #Define the rotation
#r2 = R.from_euler('zyx', rotation_angles2, degrees = True) #Define the rotation
#r3 = R.from_euler('zyx', rotation_angles3, degrees = True) #Define the rotation

np.load(working _dir + 'angles2.npy') #Import calibration

for i in range(len(acc_vectorl)):

acc_vectorl[i,:] = rl.apply(acc_vectorl[i,:]) #Apply the rotation to all
acceleration values
#for i in range(len(acc_vector2)):
# acc_vector2[i,:] = r2.apply(acc_vector2[i,:]) #Apply the rotation to all
acceleration values
#for i in range(len(acc_vector3)):
# acc_vector3[i,:] = r3.apply(acc_vector3[i,:]) #Apply the rotation to all
acceleration values

#Discard all null acceleration values, substituting them for the next value, or
the previous value if the last one is null
for i in range(len(acc_vectorl)):
if

((np.abs(acc_vectorl[i,0@])+np.abs(acc_vectorl[i,1])+np.abs(acc_vectorl[i,2]))<0.
25):

if i<(len(acc_vectorl)-1):

acc_vectorl[i,:]=acc_vectorl[i+l,:]
else:



acc_vectorl[i,:]=acc_vectorl[i-1,:]
##Discard all null acceleration values, substituting them for the next value, or
the previous value if the last one is null
#for i in range(len(acc_vector2)):
# if
((np.abs(acc_vector2[i,0])+np.abs(acc_vector2[i,1])+np.abs(acc_vector2[i,2]))<0.
25):

# if i<(len(acc_vector2)-1):

# acc_vector2[i,:]=acc_vector2[i+l,:]
# else:

# acc_vector2[i,:]=acc_vector2[i-1,:]

##Discard all null acceleration values, substituting them for the next value, or
the previous value if the last one is null
#for i in range(len(acc_vector3)):
# if
((np.abs(acc_vector3[i,0])+np.abs(acc_vector3[i,1])+np.abs(acc_vector3[i,2]))<0.
25):
if i<(len(acc_vector3)-1):

acc_vector3[i,:]=acc_vector3[i+l,:]
else:

acc_vector3[i,:]=acc_vector3[i-1,:]

H H HH

#Get angle of inclination of the tower by seeing how it has to rotate it's
refference to align with gravity (euler angles intrinsic)

acc_vector_current = np.mean(acc_vectorl, axis=0) #Get the mean of the
acceleration on each axis

angles_current = minimize(rotation, [@, @], args = (acc_vector_current,
vertical axis)) #0Obtain the angles that makes the value of the acceleration the
closest to having the gravity value entirely in the vertical axis

angle x = angles current.x[1]

angle_z = angles_current.x[0]

angles current = np.asarray([angle z, 0, angle x])

r2 = R.from_euler('zyx', angles_current, degrees = True) #Define the rotation

for i in range(len(acc_vectorl)):
acc_vectorl[i,:] = r2.apply(acc_vectorl[i,:]) #Apply the rotation to all
acceleration values

acc_vectorl[:,vertical_axis] = acc_vectorl[:,vertical_axis]-g #Clean vertical
axis to only vibration induced acceleration
#tacc_vector2[:,vertical_axis] = acc_vector2[:,vertical_axis]-g #Clean vertical
axis to only vibration induced acceleration
#tacc_vector3[:,vertical_axis] = acc_vector3[:,vertical_axis]-g #Clean vertical
axis to only vibration induced acceleration

#Generate the time respone vector

#time_response = np.hstack((time_vector,acc_vectorl,acc_vector2,acc_vector3))
#ttime_response = np.hstack((time_vector,acc_vectorl,acc_vector2))
time_response = np.hstack((time_vector,acc_vectorl))

#Save the time series vector
np.savetxt(current_dir + '/' + 'time_response.csv', time_response,
delimiter=",")



#Compute vector of frequencies
freq = np.fft.fftfreq(acc_vectorl.shape[@], d = average delta t)
freq = freq[@:int(np.round(len(freq)/2))]

#Compute FFT for every axis

fft x1 = np.fft.fft(acc_vectorli[:,0])

fft_yl = np.fft.fft(acc_vectori[:,1])

fft_z1 = np.fft.fft(acc_vectorli[:,2])

#Discard negative frequencies half

fft x1 = fft x1[0:int(np.round(len(fft _x1)/2))]
fft_yl = fft_yl[@:int(np.round(len(fft_y1)/2))]
fft z1 = fft_z1[0@:int(np.round(len(fft_z1)/2))]
#Set value of first point to a reasonable value
fft_x1[0] = fft_x1[1]

fft_yl[0] fft_y1[1]

fft_z1[e] = fft_z1[1]

fft = {@:fft_x1, 1:fft_y1, 2:fft_z1}
peaks = []

for i in range(3):
peaks.append(freq[signal.find_peaks(np.abs(fft[i]),
height=np.average(np.abs(fft[i]))*1.5, distance=500)[0]])

battery _end = pj.status.GetChargelLevel()['data']/100
uptime = time.time()-uptime

#np.savetxt(current_dir + '/' + 'data.csv', np.array([windspeed, direction,
temp, angle, longitude, latitude, battery start, battery end,
uptime]).conj().transpose(), delimiter=',"') #Store all that data to csv file

windspeed = windspeed * (3.9/6.6)

data = np.array([windspeed, direction, temp, angle x, angle_z, battery_start,
battery end, uptime]).conj().transpose()

np.savetxt(current_dir + '/' + 'data.csv', data, delimiter=',"') #Store all that
data to csv file

shutil.make_archive(data_dir + '/' + current_dir_name, 'zip', current_dir)

f = open(working dir + 'unsent.txt', 'a+')
f.write(data_dir + current_dir_name + '\n")
f.close()

log = []

import smtplib

from email.mime.text import MIMEText

from email.mime.multipart import MIMEMultipart
from email.mime.base import MIMEBase

from email import encoders

import os.path

import requests



with open(working dir + 'unsent.txt', 'r') as f:
lines = f.readlines()

for line in lines:

email = 'labseat@gmail.com’
password = 'LabSeat2020'
send _to _email = 'labseat@gmail.com’

subject = line.split('/')[-1]
message = subject
file_location = line.split('\n')[Q]

msg = MIMEMultipart()
msg[ 'From'] = email
msg['To'] = send_to_email
msg[ 'Subject'] = subject

msg.attach(MIMEText(message, 'plain'))

# Setup the attachment

filename = os.path.basename(file_location + '.zip")

attachment = open(file location + '.zip', "rb")

part = MIMEBase('application', 'octet-stream')

part.set_payload(attachment.read())

encoders.encode_base64(part)

part.add _header('Content-Disposition', "attachment; filename= %s" %
filename)

# Attach the attachment to the MIMEMultipart object
msg.attach(part)

with open(working dir + 'unsent.txt', 'r') as f:
lines_count = f.readlines()
unsent_length = len(lines_count)

i=290

while i < 10:
j=20
try:

while (not(internet()) and j < 10):
log.append(internet())
p = subprocess.Popen([working dir + 'online.sh'])
try:
p.wait(10)
except subprocess.TimeoutExpired:
p.kill
j=3j+1
except Exception as e3:
log.append(e3)
try:
with open(working dir + 'unsent.txt', 'r') as f:
lines _count = f.readlines()
new_unsent_length = len(lines_count)
if unsent_length == new_unsent_length:



try:
server = smtplib.SMTP('smtp.gmail.com', 587, timeout=10)
server.starttls()
server.login(email, password)

# server.connect()
# print('possible errorl')
text = msg.as_string()
# server.sendmail(email, "marco.aperez@smarttower.tech",
text)
# server.sendmail(email, "guillermoreyesc@igs.edu", text)
# server.sendmail(email, "joan.fernandez@igs.edu", text)
server.sendmail(email, "labseat@gmail.com", text)
# print('possible error2")

except Exception as el:
log.append(el)

data = np.genfromtxt(file location + '/data.csv', delimiter=',")
# for i in range(data):
# payload = {'tower' : 1, 'longitude’ : 1.15645856525,
"latitude’ : 4.52525541589, 'windspeed' : data[@], 'direction' : data [1],
"temp' : data[2], 'angle x' : data[3], 'angle z' : data[4], 'battery_start'’
data[5], 'battery_end' : data[6], 'uptime' : data[7],

# ‘peaklx’ : peaks[@], 'peak2x' : peaks[1l], 'peak3x’
: peaks[2], 'peakdx' : peaks[3], 'peak5x' : peaks[4],

# ‘peakly’ : peaks[5], 'peak2y' : peaks[6], 'peak3y’
: peaks[7], 'peakdy' : peaks[8], 'peak5y' : peaks[9],

# ‘peaklx’ : peaks[10], 'peak2z' : peaks[11],

'peak3z' : peaks[12], 'peakdz' : peaks[13], 'peak5z' : peaks[14]}
static = np.genfromtxt (working dir + 'static.csv',
delimiter=",")
try:
payload = {'tower' : static[@], 'longitude' : static[1],
'latitude’ : static[2], 'windspeed' : data[@], 'direction’' : data [1], 'temp’
data[2], 'angle_x' : data[3], 'angle_z' : data[4], 'battery_start' : data[5],
'battery end' : data[6], 'uptime' : data[7], 'peakl' : peaks[©@][@], 'peak2’
peaks[@][1]}
except:
payload = {'tower' : static[@], 'longitude' : static[1],
'latitude’ : static[2], 'windspeed' : data[@], 'direction’' : data [1], 'temp’
data[2], 'angle_x' : data[3], 'angle_z' : data[4], 'battery_start' : data[5],
'battery end' : data[6], 'uptime' : data[7], 'peakl' : @, 'peak2' : 0}

try:
log.append('try")
post = requests.post('http://35.187.62.162:1880/towers",
data=payload, auth=('admin', 'Sm4rttOw3r'), timeout=1)

# post = requests.post('http://35.187.62.162:1880/towers",
data=payload, timeout=1)
# post = requests.post('http://35.242.140.41:1880/testl’,

data=payload, timeout=1)
except requests.Timeout:
time.sleep(0)
log.append('sent")
# server.quit()
shutil.rmtree(file_location + '/")



# os.remove(file_location + '.zip')
i=10
with open(working dir + 'unsent.txt', 'r') as f:
lines rewrite = f.readlines()
with open(working dir + 'unsent.txt', 'w') as f:
for line rewrite in lines_rewrite:
# print(line_rewrite)
if line_rewrite.strip('\n') != file location:
f.write(line_rewrite)
else:
i=10
except Exception as e2:
log.append(e2)
i=1i+1
with open(working dir + 'log/' + subject.strip('\n') + '.txt', 'w+') as f:
for item in log:

f.write("%s/n" % item)

pj.rtcAlarm.SetAlarm({'second': @, 'minute': @, 'hour': '0;8;16', 'day':
"EVERY_DAY'})

pJj.power.SetPower0Off(20)

os.system('sudo shutdown -h now")



import time

import os

import subprocess

from pijuice import PiJuice

time.sleep(60*5)

pj=PiJuice(1,0x14)
pJj.power.SetPowerOff(25)

os.system('sudo shutdown -h now")



import time

import os

import subprocess

from pijuice import PiJuice

pj=PiJuice(1,0x14)
pJj.power.SetPower0Off(10)

os.system('sudo shutdown -h now")
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