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Main System Function:
Collect, process, and transmit environmental
weather data from sensors to a remote server.
vy
Environmental air, wind flow, | Triggers sensing and system
: ™\
Data sensing
Measure temperature, humidity, pressure, wind
speed/direction. solar radiation. J

) ) ) Thermometer, Hygrometer, Barometer,
ambient air and sunlight.
Anemometer, Pyranometer.

! , I}

Power Management Signal Processing Data Processing
Solar panel supplies Sensor data converted (Raspberry Pi)
energy. to digital signals. Timestamp and
Power stored in ADC or built-in format data.
batteries and regulated microcontroller Error handling and
for Raspberry Pi and interface. data filtering.

Add timestamps.
h 4 Filter and validate sensor data.

Format data for communicatiol

Data Transmission
protocaols,

Transmit via Wi-Fi or

Optional: tempaorary local stor
LoRa to cloud/server. +

l

Enclosure & Protection

i)
)

Weatherproof housing for
electronics.

External sensor mounting with
shielding.




Air, Sun, Wind Sensor Readings
-
> Collect

Solar energy environmental data Heat Dissipation

h 4
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(IRt e, DA 5 b MER AT L, AR 4.4 ST RFTRI0 Pugh B HHTLES .
4. 2. 1 e
FE#E (Rowan) :
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Thermometer
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IV Weather Tower “
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Paromaven
Theemomever
solae ph\@

T
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= Rain Gauge
= Thermometer
Anamometer

@
N TDp view =; Pressure/Humidity SIdE view
.:

W E .
. Ote-

Pyranometear
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Pugh Chart

Criteria DATUM (Rowan) |Design 1 (Chenxi)|Design 2 (Shutong)| Design 3 (lan)

Weather Durability 0 -1 1 -1
Safety Compliance 0 1 1 0
Low Maintenance 0 0 -1 0
Easy Installation 0 0 -1 0
Multiple Windspeed Readings 0 0 0 0
Measured at Industry Standards 0 -1 -1 -1
Totals -1 -1 -2

Rank 2 2 4

BEEILEFEI R PR M PughlBIR . B el — N EEHE, SRS IRAE RN BOTHE T 2 R hr vl
U3 T P S HE S G B AT HEA . AR, MUK EE, OURMIE. A5, Ry
m, R . BB IR L, IR BN, RATHE R it

(BN VEEL
Criteria Weights | Unweighted Score Weighted Score Unweighted Score Weighted Score

Weather Durability 0.2 75 15 75 15

Safety Compliance 0.1 90 9 100 10

Low Maintenance 0.2 80 18 70 14

Easy Installation 0.15 50 7.5 30 4.5

Multiple Windspeed Readings 0.1 100 10 100 10
Measured At Industry Standards 0.25 80 20 60 15
Sum 1 485 | 79.5 435 | 68.5

ARSI, BRATNE ARSI THE, BaN 1. 5, RIMIES N EHE 10
0 4 b AR AE 52 AN BT 4 o WX 40 MO LA MRAE AL, 3 AN 100 4
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Pugh Chart

Criteria DATUM (lan) |Design 1 (Chenxi)| Design 2 (Shutong) | Design 3 (Rowan)
Long Term Data Storage 0 0 -1 1
Increased Data Accuracy ] 1 0 0
Remote Data Access 0 0 1 1
User Friendly ] -1 0 0
Low Power Requirement 0 1 1 0
Data Transmission 0 0 1 0
Totals 1 0 g
Rank 2 3 1
RIS T S AT LS, Wit 1 ARt 3 Hia s, FFE N SRHRE .
Design 1 (Chenxi) Design 3 (Rowan)
Criteria Weights | Unweighted Score | Weighted Score Unweighted Score | Weighted Score
Long Term Data Storage 0.25 75 18.75 85 21.25
Increased Data Accuracy 0.25 90 225 70 17.5
Remote Data Access 0.25 80 20 S0 22.5
User Friendly 0.1 60 6 75 7.5
Low Power Requirement 0.1 80 8 80 8
Data Transmission 0.05 90 4.5 S0 4.5
Sum 1 475 | 79.75 490 | 81.25

NN EDBCPCE 2 )5, BATRARIEEED Btz e g ot, LL o 2] 100 (5
POSREDN B AT VRO o SRR IX L83 B AR MR HE IR, 15 AR B2 iz 100
) o SRR 3, 500 81.25.

5 4

ARSCREVEANAN A T AL R S AR K 24 n] AR BE IR S0 = A R Uk B AT Rt g . 12 5k dl
FORIRMVRIR S BE. SE. RFAGEIEE . RGE R K S G 8. BRI & E R R —
AN, RN A BB RA T B e iX —rl fetd . iR R MBI R8s, R
TEATART A5 B I X 34 2 1 1 7 7 1) LB o

Carson Pete %4 E R E i 18 i B EC IE AL M AN &G o I8 EE Rz uh 4 F v] FAE BE TR
e, ETZE TR AR AR IR SEIN =, KULIX AN ERIR I . thAh, BIEN A, FeisK
ZHTE P AN M . AR RES AN AE IR HLA4E D AR, DU Zak BAEAE TC AR E B L B

27



RN HERA Il - AR K (K Xty L S 5 R P 8, JFRERE A A8t — I . %00
H A SAAS B, AT AN 2 T

N TR ELR, JATIEAT TR . MU R ERAE =AM . AR5,
B b T AR REVR S A0 SR B SR AT AR LA S e — RS A o /N R AROHT SR T ARS8 E — A
FETURART, AT A 22 R R MG AR B B =AMl . HRTAI SO A B E K ELRE . R
FEE AUBAREES . S0 BTN AR AR I 2 A A RAT TR . X EhIAT & 1T eEA 15 B
DERRE . D 7 2 MG T IR ARIE, T4 2 AR BE LA B 10K (0 B o e Th iR SR
AT R DA . Dy AR A ) SRR NI, BB S Bl S E o A
H, T EIERE L. LRSS R30I — IR, w2 R0 EEL AR BCT B Iy sei
BHORIE B Wl o BEXIRIBUHT (A0S, e 1A AN Raspberry Pi HiflllER. B0 phdfs
B i SEmf e LA BRI, B aTiset. X6ReMt 7V SErHE R, REAFTEMIERE, sl
FEARAT 0 7)o BRI P (B 2 e B AR BRI, IFERRMIORAE . X AT AR 1L Raspberry Pi
EAr kA 2 .

6 =%

[1] Setra Systems, Inc, “Barometric Pressure Sensors | Setra Systems, ” Setra.com, 2
025. https://www. setra. com/product/pressure/barometric (accessed Jun. 18, 2025).

[2] N. US Department of Commerce, “Standards and Policy, ” www. weather. gov. https://
www. weather. gov,/coop/standards

[3] World Meteorological Organization, Guide to meteorological instruments and method

s of observation., Volume 1. Geneva, Switzerland: World Meteorological Organization,
2008.

[4] ISO-CAL, “What is a Pyranometer? 10 Important Points to Consider., ” Iisocalnorth
america. com, Jan. 16, 2023. https://isocalnorthamerica. com/what—is—-a—pyranometer,/

[5] C. Gittins, “Considering the energy consumption of a Raspberry Pi, 7 10T Inside
r, Sep. 23, 2024. https://www. lotinsider. com/news/considering—the—energy—consumption—
of-a-raspberry—pi/

[6] NiuBol, “How much power does a weather station use? , ” Niubol. com, 2024. https:
//www. niubol. com/Product—knowledge/How—much-power—does—a—weather—station—use. html

[7] US, “National Weather Service, ” Weather. gov, 2025. https://forecast. weather. gov
/MapClick. php?lat=35. 19814000000002&1on=—111. 65112499999998 (accessed Jun. 18, 2025).

[8] J. Portilla, “Python Bootcamps: Learn Python Programming and Code Training, ~ Ud
emy, 2019. https://nau. udemy. com/course/complete—python—bootcamp (accessed Jun. 22, 2
025).

[9] Raspberry Pi, “Build Your Own Weather Station, ” Raspberrypi.org, 2017. https://

projects. raspberrypi. org/en/projects,/build-your-own-weather—-station/0 (accessed Jun.
27, 2025).

28



[10] Raspberry Pi, “Raspberry Pi Documentation — Getting Started, ” www. raspberrypi.
com. https://www. raspberrypi. com/documentation/computers/getting—started. html (access
ed Jun. 27, 2025).

[11] Raspberry Pi, “Raspberry Pi 0S, 7 Raspberry Pi, 2025. https://www. raspberrypi. c
om/software/ (accessed Jun. 27, 2025).

[12] “Tempest Weather Station, ” Tempest, 2024. htips://shop. tempest. earth/products/
tempest msclkid=1236cca8871915b3bbd3a418024b2f08&utm source=bing&utm medium=cpc&utm c
ampalgn=Bing—Search-B2C-NB-Broad US&utm term=home%Z0weather%20station&utm content=Wea
ther%20Station (accessed Jun. 18, 2025).

[13] A. Overton, “A Guide to the Siting, FExposure and Calibration of Automatic Weath
er Stations for Synoptic and Climatological Observations, ” 2009. Accessed: May 01, 2
024. [Online]. Available: https.//www. rmets. org/sites/detault/files/2019-02/aws—-guid
e. pdf

[14] Wisconsin DNR, ~“Calibration & barometric pressure | | Wisconsin DNR, ” dnr. wisc
onsin. gov. https://dnr. wisconsin. gov/topic/labCert/BODCalibration2. html

[15] R. Coquilla, J. Obermeier, and B. White, “American Wind Energy Association, ” 2
007. Accessed: May 16, 20253. [Online]. Available: https://research. engineering. ucdavi
s. edu/wind/wp—content/uploads/sites/17/2014/03/ANEA-2007-Final—Paper. pdf

[16] “Login — CAS - Central Authentication Service, ” Udemy. com, 2025. Available:
https://nau. udemy. com/course/statistics—intro/learn/lecture/35671972%overview. [Acces
sed: Jun.

25, 2025]

[17] EngineerltProgram  “Experimental Uncertainty, ” Youlube, Mar. 18 2013. Availab
le:
https://www. youtube. com/watch?v=xJBta HWIRc. [Accessed: Jun. 26, 2025]

[18] National Instruments, “NI DAQ Sensor Calibration Guide, ” MNational Instruments,
2021. Accessed: May 10, 2024. [Online]. Available: https://www.ni.com/en—us/innovatio
ns/sensor—calibration. html

[19] Adafruit Industries, “How to Connect Weather Sensors to Raspberry Pi,” Adafrui
t Learning System 2022. Accessed: Apr. 25, 2024. [Online]. Available: https://learn.
adafruit. com/pi-weather—station/overview

[20] M. A. Islam and R. Haque, “IoT-Based Real-Time Weather Monitoring System Using

Raspberry Pi,” in Proc. Int. Conf. on IoTl and Applications, 2020, pp. 44 - 49.

[21] S. Pandey et al., “Analysis of Weather Monitoring Systems Using Cloud Integrati
on,” Journal of Sensor Networks and Data Communication, vol. 10, no. 2, pp. 100-10
5, 2021.

[22] Ambient Weather, “Installation Guide for Ambient Weather WS-5000, ” Ambient We

ather, 2023. Accessed: May 15, 2024. [Online]. Available: https://ambientweather. com/

29


https://shop.tempest.earth/products/tempest
https://shop.tempest.earth/products/tempest
https://www.rmets.org/sites/default/files/2019-02/aws-guide.pdf
https://www.rmets.org/sites/default/files/2019-02/aws-guide.pdf
https://dnr.wisconsin.gov/topic/labCert/BODCalibration2.html
https://research.engineering.ucdavis.edu/wind/wp-content/uploads/sites/17/2014/03/AWEA-2007-Final-Paper.pdf
https://research.engineering.ucdavis.edu/wind/wp-content/uploads/sites/17/2014/03/AWEA-2007-Final-Paper.pdf
https://www.ni.com/en-us/innovations/sensor-calibration.html
https://www.ni.com/en-us/innovations/sensor-calibration.html
https://learn.adafruit.com/pi-weather-station/overview
https://learn.adafruit.com/pi-weather-station/overview
https://learn.adafruit.com/pi-weather-station/overview
https://learn.adafruit.com/pi-weather-station/overview
https://ambientweather.com/ws5000manual

wsb000manual

[23] Texas Instruments, “7Thermal Design Considerations for Enclosures, ” Applicatio
n Report SPRA953, 2009. Accessed: July 14, 2025. [Online]. Available: https://www. ti.
com/1it/an/spra953/spra953. pdf

[24] 1PC, “Standard for Determining Current-Carrying Capacity in Printed Board Desi
gn (IPC-2152), 7 TPC, 2009. Accessed: July 14, 2025. [Online]. Available: https://ww
w. ipc. org/TOC/IPCT-2152. pdf
[25] “Printed humidity sensors,” Encyclopedia.pub. https://encyclopedia. pub/entry/7
493.

[26] “Review of Printed Humidity Sensors,” MDPI Sensors. https://www.mdpi.com/2079—
4991/13/6/1110

[27] “Capacitive vs Resistive Humidity Sensors, ” Encyclopedia.pub. - https://encyc
lopedia. pub/entry/7493

[28] BOMS Review - Comparison of sensing layers - https://www. ias.ac. in/article/ful
1text/boms/045/0238

[29] “Humidity and Dew Point,” National Weather Service. https://www.weather. gov/me
dia/epz/wxcalc/dewpoint rh. htm

[30] Ma, H. et al., “Graphene-Based Humidity Sensors,” arXiv. https://arxiv.org/abs
/2410. 02255

[31] NOAA Sensor Siting Standards - https://www. weather. gov/coop/standards

[32] WMO Guide to Meteorological Instruments - https://library.wmo. int/index. php?lvl
=notice display&id=12407

7T B
7.1 MR A 9fCHY

Bt 1R -

B

BEME RE ST A% .

KAy 24 /M.
BT IR EIRGE PR B & RERAE R
6L -

30


https://ambientweather.com/ws5000manual
https://ambientweather.com/ws5000manual
https://ambientweather.com/ws5000manual
https://www.ti.com/lit/an/spra953/spra953.pdf
https://www.ti.com/lit/an/spra953/spra953.pdf
https://www.ti.com/lit/an/spra953/spra953.pdf
https://www.ti.com/lit/an/spra953/spra953.pdf
https://www.ipc.org/TOC/IPCT-2152.pdf
https://www.ipc.org/TOC/IPCT-2152.pdf
https://www.ipc.org/TOC/IPCT-2152.pdf
https://www.ipc.org/TOC/IPCT-2152.pdf
https://encyclopedia.pub/entry/7493
https://encyclopedia.pub/entry/7493
https://www.mdpi.com/2079-4991/13/6/1110
https://www.mdpi.com/2079-4991/13/6/1110
https://encyclopedia.pub/entry/7493
https://encyclopedia.pub/entry/7493
https://www.ias.ac.in/article/fulltext/boms/045/0238
https://www.ias.ac.in/article/fulltext/boms/045/0238
https://www.weather.gov/media/epz/wxcalc/dewpoint_rh.htm
https://www.weather.gov/media/epz/wxcalc/dewpoint_rh.htm
https://arxiv.org/abs/2410.02255
https://arxiv.org/abs/2410.02255
https://www.weather.gov/coop/standards
https://library.wmo.int/index.php?lvl=notice_display&id=12407
https://library.wmo.int/index.php?lvl=notice_display&id=12407

TN A A& AR IR R T
R SQLite Kl AR -
& AR E ME A .
10 73
&S -

data = read(sensor)

timestamp = get time()

if sensor == “humidity”:

if abs(data — last value) > 10 or data > 100:

flag = “outlier”

else:

flag = "valid”
save local (sensor, data, timestamp, flag)
else:
save local (sensor, data, timestamp)
upload (sensor, data, timestamp)
L0 iR — A -
52 B3 4 o e AR I
I B & S DR A BRI e, AR A AL BT RE AR 55 4% -
H e
delete local data(older than=24 hours)
generate daily report()
FERIGEH 24 DI HAMZESE, FFAERMCE RNLRAFIZ TR
SPEIVEIS e St

if variance (sensor data) < threshold:

set_interval (longer) # Environment is stable — reduce sampling frequency

else:
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set interval (shorter) # Drastic changes in the environment — Increase sampling
frequency
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Wit 2 (Hiki) -

JHIA: weather visualization. py

M CSV ST I s

file path = “weather data.csv” data = read csv(file path)
T EE
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now = current datetime() start time = now — 24 hours recent data = data where timesta
mp >= start time
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FTEN:  “KRIFCOARAF: temperature last24h. png Fl pressure last24h. png”

it 3 (Rowan)-—

# Buffers

rolling buffer = [] # Up to 20 raw readings (T10 min at 30s intervals)
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ten minute buffer = [] # 1 average per minute, keep 10
hourly buffer = [] # 1 average per 10 minutes, keep 6
LOOP every 30 seconds:
data = read and calibrate all sensors()
# Maintain rolling buffer
IF length of rolling buffer == 20:
Remove oldest
Append data to rolling buffer
# Every 1 minute: upload rolling average for real-time display
IF time since last minute == 60 sec:
rolling avg = average buffer(rolling buffer)
upload to website(rolling avg)
Append rolling avg to ten minute buffer
# Maintain 10-minute buffer
IF length of ten minute buffer == 10:
ten min avg = average buffer (ten minute buffer)
Append ten min avg to hourly buffer
Clear ten minute buffer
# Every 60 minutes (6x10min)
IF length of hourly buffer == 6:
hourly avg = average buffer (hourly buffer)
store hourly avg to database (hourly avg)
Clear hourly buffer
FiE (Tan) :
IMPORTANT NOTE CODE IS HIGHLY DEPENDANT ON WHAT SENSOR IS BEING USED

Anemometer: will produce signals as it rotates. These signals will likely occur twice
per rotation. With this, wind speed will be calculated as:

Circumference = 2 * pi * radius
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Rotations = signals/2
Speed = (rotations * circumference) / time
#ithis will then convert to kmph or mph through simple conversion math.

For rainfall: the signal will be produced when one bucket fills enough to tip over. K
nowing the tipping point of the bucket is essential for calculating the overall rainf
all.

bucket = .227mm #this is example size not real
count = 0

def bucket tipped():

global count

Count = count+l

Print (count*bucket)

Rainfall= bucket tipped/time

#time should measure from start of rain till end
#Reset function here

Temperature:

The thermometer can output many things depending on what it is. Assuming it outputs c
urrent it will be in mA

Reading = data input #in mA
Temp = # reading altered via reference table or specific formula.

#if using reference table, indexing and slicing very important. Additionally, the tab
le will be uploaded to the Raspberry Pi.

Humidity
Similar to temperature, it will produce voltage or amps.

The code will take those outputs and convert them either using a reference table or a
specific formula, likely provided in the instructions for the device

Humidity = (input) + #modification based on input. Either formula or reference table
Barometric Pressure
Again, similar to temperature and entirely dependent on what sensor we have.

Pressure = (input) #modified with formula or table
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Solar irradiance

#Will likely need a voltage reader, then convert that voltage to W/m 2 through calibr
ation/ specific formula

Trradiance= (V #modified by formula) in (W/m"2)

#A11l of this data will be collected internally into separate tables specific to each
sensor. Then, every 5 min (or sooner for certain devices) it will upload this to the

website where it will then be sorted properly and displayed in a user—friendly manne
T.
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