APPENDICES

Appendix 1 ESP32 Pseudocode

Algorithm 1 Supervisory Main Execution Loop and Task Scheduler

Require: System timestamps t,cad; tautos tpus, mode flag My, 040 €

{AuTOo, MANUAL}, Actuator states Pirr, Pirains Vdrain-

Ensure: Periodic telemetry, safety interlocks, and state machine progression.

1: loop

2:
3

15:
16:
17: |

tnow ¢ CURRENTTIMEMILLIS
CHECKNETWORKCONNECTIVITY > Maintain Wi-Fi and MQTT mes-
sage broker
> Safety Interlock: Actuator Mutual Exclusion

if P;.,. = ON and Pj,4;, = ON then
| Pirain + OFF > Hapdware safety override: force drain pump off

> Task_ or-Acquisition Routine (At =53)
if tnow —lyead = 5

Routine (At =30s)

, State Erecution

Dispatch (At = 603)
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Algorithm 2 Data Acquisition and Feature Conditioning

Require: 16-bit ADC channels ADC,, ADC5, ADC,, flow pulse count Chyise.

sample window At 514, remote node timestamps teeena, teeenB-

Ensure: Calibrated feature vector x = [T'DS,, TDS,, Turb, ATDS], level ar-

X N 9@

10:
i E
12:

13:
14:

15:

ray L = [Ll, Lo, L, L4], flow rate Q.

: procedure ACQUIREANDCONDITIONDATA

> 1. Temperature Compensation for Dual TDS Probes
ktemp < 1.0 4 0.02 x (Tsite — 25.0) > Normalized to 28° C baseline

TDS, « max (0, 242010, )

TDS;  max (0, 2:40C+hs

Ktem
‘ b 2. ymmetrical Relative TDS Deviation

TDSm,g «~ (TDS, + TDSz)/2.0
if TDS,,, > 0 then
| ATDS « (J—Tﬂiillﬁﬁ—') x 100%

TDSaug

else

| ATDS «+ 0.0%

n .
Turb < max b“' + by ) Fransfer function to NTU
e - i, 7.5 pulse/L constant
andware ISR counter

Algorithm 3 Dec

Require: Feature

1: function PREDICTWATERQUALITY(X)

10:
11:

R e AR -

if Turb < 25.0NTU then
if ATDS < 20.0% then
| return 2 > Class 2: Normal Quality (Optimal baseline)
else
| return3 o Class 3: Nutrient Imbalance (ATDS anomaly)
else > Turb > 25.0 NTU (High Turbidity Domain)
if TDS; < 1400.0 ppm then
return 1 > Class 1: Cloudy due to Sediment (Requires re-
mediation,)
else
. | return0 © Class 0: Cloudy due to Nutrient Precipitate
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Algorithm 4 Closed-Loop Autonomous Actuation State Machine

Require: Feature vector x. tank levels L, state timers ¢ pare. fsettte- teond. TEtTY

counts Nyrain: Neopup-

Ensure: Relay switching signals for Irrigation Pump P, and Pank Drain Valve

A 0 5

Vdranu

: procedure EVALUATEAUTOMATIONT RIGGERS(X)

if —FreshData then
| return & Abart trigger evaluation if level telemetry 1s stale
> Priority 1: Level Depletion Protection
if 3L, e L: L; < 30% then
if tnow = teooldown then
L Current Action + TopUP, AutomationActive « true
tatart € tnows Lbauhmz ~L
return
b Priority 2: Water Quality Remediation
C' + PREDICTWATERQUALITY (x)
if ' =1 then > Sediment contamination detected
CurrentAction + DRAINREFILL, AutomationActive + true
DrainSettling « false, t 0t + thow
else if €' € {0,3} then

4| L SENDNOTIFICATIONALERT(C') > Nofificaiion only: actuators idle

. procedure EXECL"'I‘EACTUA’I}QQ{FSM CurrentAction DRAINREFILL

if —DrainSettling the & Phase 1: Tank Drainage

Varain + On %\"‘-

” .Q‘y Tatable = 35)

BEEEEEE

ERE

m recheck

= thow

Sty pump fault de-

if Niopup = 2 then
teotdoun — tnow + 18008, Nigpup + 00 Lockout for 30 min-
utes

!"‘l'h'l’ - 7 =
Niopag & Neopup+ 1
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Appendix 2 WEMOS D1 Mini

Algorithm 1 WEMOS A - Water Level 1-2

1: function SAMPLELEVELSENSOR(Pinpwr, Chade: ADCmin, ADCriaz)

31:

Set Pinpy, + HIGH > Energize sensor probe to prevent galvanic
corrosion

Wait 150 ms > Transient stabilization / warmup delay

total « 0

for k< 1 to N do
total + total + READADC(Chade)
Wait 10 ms
end for
Set Pinpy, + Low > De-energize sensor probe immediately
ADClyq + total /N
Range + ADC,,,. — ADC,,in
Deadband <+ Range/10 > 10% noise threshold margin
> Deadband and Zero-Level Rejection
if Range <0 or ADCuuy & (ADC'nin + Deadband) then
return (0%. 0.0 cu

755 Cho, Sl,mim Sl.max)
\ 5 Chl, S2,min, SZ.maa:)
cty, iy peta, ha)

end loop

32: end procedure
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Algorithm 1 WEMOS B - Water Level 3-4

1: function MEASURELEVELPROBE(Pinguwr, Chade, ADCyin, ADCyaz)

2:

PR W e ot e

Set Ping,y, < HIGH > Power-gate probe ON to prevent galvanic

corrosion

Wait 150 ms > Warmup and charge dissipation delay
total + 0
for k<1 to N do
total + total + READADC(Chadc)
Wait 10 ms
end for
Set Piny,, + Low > De-energize probe immediately
ADCyyy + total /N
Range + ADC,,4 — ADCyin
Deadband + Range/10 > 10% noise threshold margin
> Zero-Level and Noise Rejection
if Range <0 or ADCuyy < (ADCnin + Deadband) then
return (0%, 0.0 cm)
end if
© Linear Scaling and Normalization

ﬁo, Sa.min, S3.maz)
.hla S4,mins S4,max)

172



Appendix

3 Telegram Bot Pseudocode

Algorithm 1: Smart Garden [oT Gateway and Telegram Controller

1

2
3

- e e

BEEE BELBELE B EE B ey

Input: MQTT telemetry packets, User Telegram interactions
Output: Actuator ds. Database ds, User alerts

State: Telemetry D, Relays S, Mode M € {AUTO, MANUAL}, Queue Q. Sessions T

Procedure Main()

InitDatabaseConnection()
StartMQTTBackgroundSubscriber()
RegisterTelegramHandlers()
StartPeriodicScheduler(telemetry: 300s, alerts: 5s)
| RunTelegramPollingLoop()

Procedure 0nMQTTMessage (topic, payload)
if topic == TOPIC_DATA then
D «- ParseJSON(CleanNaN(payload))
D[“quality”] + ClassifyWaterQuality(D)
else if topic € RELAY_TOPICS then
(r, &) « (ResolveRelay(topic), payload)
Slr) s
LogRelayTransitionToDB(r, s, M)
else if topic == TOPIC_NOTIF then

| QEnqueue(ParseIsON(payload))
else if topic == TOPIC.MODE then

else if emd == EXPORT then =
file + ExportToCSV(argsftable]. args[days])
SendDocument (user, file)
Delete(file)
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Appendix 4 Other Documentation

7N
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