Solar Tracker Guideline

Made by Qiu Liuming, Valen

Contact: valen.qgiu@connect.polyu.hk

Before using it, please download the VNC viewer and Remote. it (or use remote.it online)
on your computer and sign up/in an account.
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l. Connect method

1. Direct connection: Connect the raspberry pi with the monitor, mouse, and
keyboard

2. Remote connection via local network: Connect your computer and raspberry pi to
the same local network, download & open the VNC viewer and connect it by
inputting the IP address of raspberry pi; or connect the computer to the switch in
the plastic case (use cable), and do the above step

3. Remote connection via Internet: Find a way to access the raspberry pi first, open
the VNC server, sign in with your VNC account, and add it to your Team. After
finishing it, you can remote connect the raspberry pi through any internet
environment (if and only if the raspberry pi is turned on and connected to the
internet, Lol)

[I. Solar Tracker Introduction

The solar tracker is developed base on Raspberry Pi 4B, and the operating system is
Raspbian OS (Linux). The raspberry pi is powered by a rechargeable lithium battery,
allowing the device to work for around 2-3 hours even when the power goes out.

All power and network are provided by the white plastic box connected to the tracker. A
switch and router (very old, provided by Mr. Yuen KO, not stable, lol) are placed inside the
box for networking, and the IP address is fixed (depends on which port you connect).

There are only two servo motors as actuators; one is a 360-degree rotatable 25kg*cm
servo motor for controlling the azimuth angle (8). The other is a 180-degree rotatable
60kg*cm servo motor (the torque is large because the camera/sensor is heavy) for
controlling zenith angle (¢). Both motors have a certain waterproof ability.

The tracker has a certain waterproof ability, but it has not been specifically tested, and it is
recommended not to use it in extreme weather or rain. If it must be used in the above
weather, it is recommended to take additional waterproof measures.



[1l. Cables connection

The cables are shown inimage 4.1. To use it, please connect the wires following image
4.2, which connect the ethernet cable and power source with the tracker.

Power Source
For tracker

Ethernet Port
For tracker

Ethernet Cable
For the device

Power Source
For tracker

Power Source
220V AC

| Irhage 4.1 ‘ H Image 4.2



IV. Connect Solar Tracker

1. Local Network

1.1.Connect a monitor to raspberry pi, and connect it to the internet. You can also
connect your computer to the switch inside the box (highly recommended so
that you can know whether the router is working normally, if the router is not
well, reboot it until your computer can connect to the Internet). Click the
terminal icon (or use Ctrl + Alt + T) to open the terminal.

Input: ifconfig
The IP address will appear; in this case, the IP address is 192.168.1.23

File Edit Tabs Help

pi@raspberrypi

pi@raspberrypi

1.2.0pen the VNC viewer
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1.3.Right-click and choose “New Connection.”
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1.4.Input the IP address you get (192.168.1.23 in this case) to the VNC Server,

and then click OK. If you want to specify the connection, you can input the
name you wish to in the Name.
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As shown in the image below, a new connection has been successfully created.
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1.5.Double-click the connection icon you just created, input the user name and
password into the window, and click OK.
User name: pi

Password: 0
=
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1 Authenticate to VNC Server
= 192.168.1.23:5900 (TCP)
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Enter VNC Server credentials

(Hint: NOT your RealVNC account details)
Username: | pi
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[JRemember password Forgot password?

Catchphrase: Quiz halt ship, Bucket poem trinity.
Signature:  68-32-4b-bc-47-b0-25-fa
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1.6.Connect successfully!

I 192.168.1.23 (raspberrypi) - VNC Viewer
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2. Internet

To connect the raspberry conveniently, you can sign up for a VNC account by email
and add the raspberry pi to your Team. After doing this, you can directly connect to
your raspberry pi, you do not need to be on the same network. As shown in the image.
The detail method can be searched online.
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3. Remote.it

Besides, it is highly recommended to use Remote.it to detect the internet connection.
Besides, it can also get the ethernet IP address.
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With the ethernet IP address, you can repeat step 1.4, but input this ethernet IP
address, you can also remotely connect the raspberry pi, and no need to connect to
the same local network.
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Link for the video tutorial on applying Remote.it:
https://www.youtube.com/watch?v=_B8E 1dE5kW4&t=167s
Some steps for setting up Remote.it are shown below:

LISTEN



https://www.youtube.com/watch?v=_B8E1dE5kW4&t=167s

& Raspberry Pi (raspberrypi) - VNC Viewer - o

[System program]

+s1 I[system_4.0.py - /ho

pi@raspberrypi: ~

Help

File Edit Tabs

V. Functions: Scanning, Angle Control, Camera...

After accessing the raspberry pi, click the system_4.0.py on the desktop, and run it.
Remarks: please use Geany to run the code. The system is developed under the Geany,
and cannot guarantee that other programmers will not report errors.

Since the tracker may need further improvement, the code is not encapsulated into an

exe.

system_4.0.py - fhome/pi/Desktop - Geany
Edit Search View Document Project Build Tools Help
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4| Symbols |b |system_40py X
~ & Classes 1 usr/ :-.n/ew ,;y-;hn?
- $ouiza) - coding: utf-8 -*-

2
3
@_int_[35 | 4  from Tkinter import *
& back [409] 5 from tkMessageBox import *
L]
7
8

~ import time
o custom (32 Swport hashlib
P custom low import Adafruit PCAI685

FPeustom upp | 9 import os
Pfront398) | 39
Pgetcurrent | 93 oG LINE_NUM = 6 .
Fintiral | | 13
Dlefi(370] | | 14 pwm= Adafruit_PCA9GES.PCASGES()]
15

Plower [205) | g
Pmanual (31 | 17

pwm. set_pwm_freq(50)

P manual_low :}
P manualupl | 5a »v

21:47:32: File /home/pi/Desktop/Desktop/test/System program/system 4.8.py closed.

Status  21: : File /home/pi/Desktop/Desktop/test/System program/system_1.8.py closed.

: File /home/pi/Desktop/Desktop/test/motor control/motot control3.py closed

Compiler  21: : File /home/pi/Adafruit_Python_PCASees/Adafruit PCAS6BS/PCASSES.py closed.
- 21:47:37: File /home/pi/Adafruit_Python PCASE8S/Adafruit PCA9685/ init_ .py closed.

line:14/446 col:31 sek0 INS SP modeLlF encoding: UTF-8 filetype: Python  scope: unknown




After run the program, GUI will come out.

system_4.0.py - /home/pi/Desktop - Geany v oA %
File Edit Search View Document Project Build Tools Help
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H
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Log
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St _ . ‘
21:47:35: File /home/pi/Desktop/Desktol
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1. User manual of the GUI

(Written in 2021 summer, lol)
Solar Tracker v oA X

Speed Adjustment

Break Time: | SCAN CusTOM

Scan Time: |

Azimuth Interval:| MANUAL RESET LEFT ‘ RIGHT

Zenith Interval: |

Angle

Azimuth: |

Zenith: |

1. SCAN

SCAN IP ADDRESS ‘

Speed Adjustment SCA ‘ CUSTOM ‘

Scan Time: | J
e

zimuth Interval:

@ Do you want to start scanning?

Zenith Interval:
; OK Cancel

Angle 2022-09-21 21:54:34 Start Scanning, other functions are forbidden now

Azimuth: ‘

Zenith: ‘

Click the "SCAN" button, a window will come out. Click OK for starting, and click Cancel
to stop it. The Solar Tracker will start with default settings (10 degrees of Zenith and 6
degrees of Azimuth for each step, scan time is 60s (for testing, only 2s).



Solar Tracker v
55

Adjustment ‘

Scanning
‘ STOP
||
Log
ingle 2022-09-21 21:54:34 Start Scanning, other functions are forbidden now

2022-09-21 21:58:35 Initialization, Azimuth: 0 Zenith: 90
2022-09-21 21:58:35 Upper: 0 Lower: 0

2022-09-21 21:58:37 Upper: 0 Lower: 10

2022-09-21 21:58:39 Upper: 0 Lower: 20

2022-09-21 21:58:41 Upper: 0 Lower: 30

Click the “STOP” button can quit the scanning mode after the initialization. When it is
in the scanning mode, other functions will be forbidden.

“Break Time” is not available now. Input the scan time to adjust the time for scanning
(input number should be integer and larger than 0), input the azimuth/zenith interval to
adjust the angel interval of each step (azimuth: integer in range 0-360, which preferably
360 can be divisible by the integer; zenith: integer in range 0-90, which preferably 90
can be divisible by the integer).

After inputting the numbers for adjustment, click “SCAN” again, the Solar Tracker will
start with the new settings. You can input a specific one/two, and others will keep in the
default setting.

The initialization angle is Zenith: 90°, Azimuth: 0°, see the definition of zenith and
azimuth in part Il.

2. MANUAI

Click the “MANUAL” button, wand it for the initialization, those four buttons on he right
side of the GUI will be available, and the Solar Tracker can be controlled by those
buttons. Each click of the button will let the Solar Tracker move 2° in the corresponding
direction.

Solar Tragker v
SCAN IP ADDRESS ‘
Speed Adjustment
Scan Time: | FRONT
Azimuth Interval: | MANUAL LEFT RIGHT
Zenith Interval: | BACK
Log
Angle 2022-09-21 21:59:13 Upper: O Lower: 190
Azimuth: | 2022-08-21 21:59:15 Upper: 0 Lower: 200
: 2022-09-21 21:59:15 Canceled, other functions are available now
2022-08-21 22:01:58 Manual initialization
Zenith: | 2022-09-21 22:01:58 Zenith: 90 Azimuth: 180

2022-09-21 22:02:02 Manual is available, other functions are forbidden now



When the Solar Tracker is in the manual control mode, other functions will be forbidden,
you can click the “MANUAL” button again to quit the mode, and other functions will
become available.

The initialization angle is Zenith: 90°, Azimuth: 180°.
3. CUSTOM

Type the angle you want in the “Angle” input panel, and click the “CUSTOM” button,
the Solar Tracker will turn to the angle. However, the user must enter both azimuth and
zenith to set the custom angle, otherwise, it will ask you to input an angle and end this
function.

4. RESET

Click the “RESET” button will clean all the input and the setting will become back to
the default mode.

Remark: After testing, please go to the code, and change the scan time to 60s for each
step (now is 2s).
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2. Camera

The fisheye camera used here is for simulating the sensor, in case you want to access the
image of the camera, here is the way to do it.

In the GUI, click the SCAN IP ADDRESS, and wait for a while. It will scan the IP address and
MAC address of devices which connected to the local network.

SCAN IP ADDRESS

Speed Adjustment SCAN CUSTOM
Scan Time:
Azimuth Interval: MANUAL RESET
Zenith Interval:
Log
Angle 2022-09-21 21:59:13 Upper: 0 Lower: 190
aimisE 2022-09-21 21:58:15 Upper: 0 Lower: 200

2022-09-21 21:59:15 Canceled, other functions are available now
2022-09-21 22:01:58 Manual initialization

Zenith: 2022409-21 22:01:58 Zenith: 90 Azimuth: 180
2022-08-21 22:02:02 Manual is available, ather functions are forbidden now

After clicking it, go the command window, and wait for the result (because of the system
permission restrictions, can only read the result in command window)

The MAC address of the fisheye camera is 00:02:d1:93:bd:f9, therefore, the IP address of
itis 192.168.1.22

Go to the browser, and then input the IP address, go to the web server of fisheye camera.

& Raspberry Pi (raspberrypi) - VNC Viewer - m] s
W \:;I [System program] vs1 Isystem_4.0.py - /hom &" New Tab - Chromium . )B 22:46

New Tab x| +
C @ 192168122 Bo »O :

@ 192.168.1.22 X



@ 192.168.1.22/home.html x | +
& =5 C O 192.168.1.22/homehtml w H 9 *» e i

Sign in

http://192.168.1.22 i
Your connection to this site is not private |

Usermname | root

Password | ssessssssssesas |

Username: root

Password: SolarTracker2021

And you can access the camera, and there are different modes (see below).
i) iif)system_4.0py .. [Igeany_run_scii.. [SolarTracker (8" FE9380-HV-C... 3 1l 1312

FE9380-HV - Chromium

@ FE9380-HV x o+

& > C A Notsecure | 192168124 ¢ * B O %O :
Y viversk FE9380-HV

I Dtsplaymodeu

CTIICE Client settings | Configuration | Language

» Manual triggers:

ol[8][s)][@] e

10 mode:

FE9380-HV

MM Ciient setings | Configuration | Language

SIOPEEE




1R mode:

* vivorsk FE9380-HV

1P mode:

Y viversk FE9380-HV

V1. Device Information

1. Fisheye camera

Vivotewk FE9380-HV, (see the attached user manual)

https://webapi.vivotek.com/api/DownloadCenter/Download/global?p1=%2B9U3MHUKX
PMhaaUnmBD60g==&p2=j199RdCOWOVZ8pPmTck8Tg==
The fisheye camera can be powered and connect to internet through PoE (power over
Ethernet) by an ethernet cable. Therefore, in order to used it, a switch with PoE is required
(see part 2), and obey the IEEE 802.3af. Besides, it also needs to use software called Shepherd
(Shepherd 2.4.0.201) or a web browser to assess the video.



https://webapi.vivotek.com/api/DownloadCenter/Download/global?p1=%2B9U3MHUKXPMhaaUnmBD60g==&p2=j199RdC0wOvZ8pPmTck8Tg==
https://webapi.vivotek.com/api/DownloadCenter/Download/global?p1=%2B9U3MHUKXPMhaaUnmBD60g==&p2=j199RdC0wOvZ8pPmTck8Tg==

19. Please visit VIVOTEK's website to Install the "Shepherd" software utility. The program will
search for VIVOTEK Video Receivers, Video Servers or Network Cameras on the same
LAN.

Double-click on the camera’s MAC address to open a web console with the camera.

Shepherd

The software is in the attached folder, or use this link to download it:
https://www.vivotek.com/downloads/product
remarks: Version 2.4.2.201

1 selected @

All devices Selected

Status Model Firmware HTTPS Client

FE9380-HV 192.168.1.105 00-02-D1-93-BD-F9 0222k



https://www.vivotek.com/downloads/product

2. PoE Switch
TL-SG105PE

TL-SG105PE

This is the Poe connection format:

JEPoE NVRSIPIEGIEE——Z (B PoERTIRH]

3EPoE NVRT-E=PoElieE, ER=EELIAMEN, BRENVREESIFISIPESNEIRESEEE. Iad, HiERAPobzrk

TAIPEEHE. SEEEFEH:
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ERLAMEE PESTESTEPoEEAYIEIR AR L, ZEallalETLIAMERIPESIIRS, FElEEPEEATEEE.
ERVGASIHDMIEEENVRIEIZEE (WS, SlEF) | S, SIEERSEEETmesEl VeARNFERVCAE

i, HDMEOZEERHDMIEEEER) .

{FEMAIEPoE NVRIEE RFKE, APSEMNSTISIPEETESIINVRREV F, x—58, SEERE0NVRITEFEREFHEE.

E2EJEPol NVREEEHREETEE.

Internet

- -
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Router Non-PoE NVR

PoE Switch L i

Monitor

IP Cameras



It also has a software to do some setting, the software is attached in folder as well.

—System Info
Device Description TL-SG105FPE
MAC Address G0:A4BT-36:02:D9
IP Address 192.168.1.21
Subnet Mask 255.255.255.0
Default Gateway 192.168.1.1
Firmware Version 1.0.0 Build 20200415 Rel 55282
Hardware Version TL-SG105PE 1.0
Device Description |TL-SG105F'E Apply
Note:
The length of device description should not be more than 32 characters.

Username: admin
Password: adminl

3. Router

Provided by Mr. Yuen KO, a very old router, sometimes it fails, but usually it can work well.
Username: (None)
Password: 0000

PCi-

= shaimee Mo Aamee N GgEfgkse® Mo migiw Mo o fb

S} B4R - B EIP

f#FDNS

4. MAC address

To identify all devices connect in the local network, all MAC address are listed here:
Router: 00:90:cc:9f:c9:40
PoE Switch: 60:a4:b7:36:02:d9
Fisheye Camera: 00:02:d1:93:bd:f9



5. Raspberry Pi GPIO

PIER 40Pin S|RIXIERE

RIE5 Rk 40Pin S| BHIX B3R

3.3V 1 2

2 SDA.1 3 4

3 SCL.1 5 6

&4 GPIO.7 7 8
GND 9 10
17 GPIO.0 1 12
27 GPIO.2 13 14
22 GPIO3 15 16
3.3V 17 18
12 10 19 20
13 9 21 22
14 11 23 24
25 26
30 0 SDA.0 27 28
21 5 GPIO.21 29 30
22 6 GPlIO.22 31 32
23 13 GPIO.23 33 34
24 19 GPIO.24 35 36
25 26 GPIO.25 37 38
39 40
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GPIO.4
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BT IRER EL hitp://shumeipai.nxez.com

25

12

16
20
21

10
11
31

26




VIl. Attachments

Link of the OneDrive: Solar Tracker

1. CAD

Sheet metal.rar:

.DXF files for sheet metal manufacturing
Tracker_Assembly.zip:

SolidWorks files of the tracker, made by sw2021
SolarTracker_eDrawing.easm:

eDrawing of the tracker

2. Code

SolarTracker.py
Python code for the GUI & control
Using python 2.7.16
Need to install libraries:
Tkinter
hashlib
Adafruit_PCA9685

3. Fish Eye Cam

Documents for the fisheye camera, includes user manual, datasheet, engineering drawing and
shepherd user manual

4. PoE switch

Installation package of the software for setting up the PoE switch

5. Shepherd_2.4.0.201
Installation package of the Shepherd_2.4.0.201


https://connectpolyu-my.sharepoint.com/:f:/g/personal/20083971d_connect_polyu_hk/EpspQ4KWl9xGvHiiFKB0CRsBsq69lWfJ5u-4mAkCwqDmDQ?e=ZbBOwc

