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VY cydacHMX peanisix pPO3BUTKY Ta BIPOBAPKEHHS HOBITHIX TEXHOJIOTIH, st
CLJTLCHKOTO TOCIIOIapCTBA aBTOMATH3AIIIS MPOIECIB TAKOXK € HE MEHII aKTyaJlbHOI0. Y
bOMY HamnpsiMi HEOOX1JHUN TOYHMI Ta CBOEYACHUM aHaJ3 XapaKTEPUCTUK I'PYHTY,
o Oe3nocepeIHhO BIUIMBAE HAa CaMy POJIOYICTb, Ha SKICTb Ta OOCSTH BpOXKarlo,
e(EeKTUBHICTh BUKOPUCTAHHS PECYpPCiB, @ TaKOX EKOJOTIYHY CTaJiCTh arpapHOro
BUpOOHUIITBA [1].

Ha 3miny TpaauiiiiHuM MeTojiaM NpUXOsATh HOBI, YIOCKOHAJIEH1, TOMY IO Ti, SIK1
3a3BUYall BUKOPUCTOBYBaIMCA 1 OyauM e(EeKTUBHUMH Yy MHUHYJOMY, BXE€ HE
BIJIMOBIJIAI0OTh CYy4aCHUM BUMOTaM. AJie 3 TIOSIBOIO KOHIICTIIIT TOYHOTO 3eMJIepoOCTBa
e(EeKTUBHICTh MOHITOPUHTY IOJIB Ta CTaHy IPYHTY HiABHIIMIACS, Takli CHUCTEMHU
BUKOPUCTOBYIOTh PI3HI TeXHOJOTii ansa 1poro. Hampuknan, TexHonoris IHTepHeTy
peueii (IoT), mo € MmepekeBUM MOETHAHHIM B3a€EMOTIOB’ I3aHUX (DI3UIHUX TPHUCTPOIB,
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JI03BOJISIE Y PEKUMI PEANbHOTO Yacy MepeaaBaTu Ta 00poOsATH AaHi PO CTaH IPyHTY
[2]. Tak o0’egHyBaTH OJHIEID MEPEKEH MOKHA CEHCOPH, TATYUKH, BHUKOHABYI
MexaHi3mMu tomlo. IHTerpamiss [oT y ciibcbke TOCHOAAPCTBO Ja€ MOMKIUBICTD
HAJaroJuTu Oe3NepepBHUNA MOHITOPUHT BOJIOTOCTI, TEMIIEPATYpHOTO PEKUMY,
KHUCIIOTHOCTI, IIIJIBHOCTI TPYHTY, BMICTY MOXHUBHUX PEYOBUH, TOIIO0. 3aBASKUA LIbOMY
dbepMepu ab0 CLITLCHKOTOCTIONAPCHKI pOOOTH MOXKYTh OIIEPAaTUBHO pearyBaTu Ha 3MiHY
yMOB a00 3a3/1aJieriib MaTy 1H(POPMAIIiI0 PO MOXKJIIKMBI MPOOIEMHU.

B 3anexxnocti Big motped, pO3BUIUCS Pi3HI CUCTEMH aBTOMAaTH30BAaHOTO aHAi3y
IPYHTY, aje AesKl CydacHI MOXKYTh MOEIHYBaTh y c0o01 pi3HI METOAM Ta TEXHOJOTIi
oapaszy. Bubip Tumy cuctemu aBTOMaTH3allii A aHAMI3y IPYHTY Oe3MOCepeaHbO
BIUIMBAE Ha MOJANbBIITY apXiTEKTYpPy BCHOTO PILICHHS: TUITU CEHCOPIB, METOIU 300py Ta
nepenayi JaHMX, a TaKoXK TEXHOJOTIi, IO BHUKOPUCTOBYIOThCS i 0OpOOKHU
iH(popmamii. Came BiJ OO YMHHHMKA 3aJ€KUTh MACIITA0 3aCTOCYBAHHS CHUCTEMH,
CTyMHiHb MOOUIBHOCTI, YacTOTa OHOBJICHHS JaHUX, MOTpeda y J0JaTKOBOMY
oOaJiHaHHI Ta MPOrpaMHOMY 3a0€3TCUCHHI.

Hapasi i cucremu MOkHa YMOBHO KjiacudiKyBaTH Ha CTalllOHapHI, MOOUIbHI Ta
riOpuIHI.

Cramionapti cucreMu. € HalOIBII PO3MOBCIOIKEHUM THUIIOM PIIICHb JJIS aHATi3y
IPYHTY, TOMY IO NMPOCTI Y BUKOPUCTaHHI 1 JOCTyMHHi. /laTuukyu BCTaHOBIIOIOTH Ha
BU3HAYCHUX JUITHKAX y 3€MIIIO JUIS MOCTIMHOTO MOHITOPUHTY JaHUX TPO (hi3HKO-
XIMIYHI MMapaMeTpu IPYHTY. 3a3BHYaid, 1l CUCTEMHU BUKOPUCTOBYIOTHCS y TEILIULSX,
HEBEJIMKHUX MOJISX 3 OMHOPITHUMHU YMOBAMH a00 MPsIMO BAOMA ISl KIMHATHUX POCIIHH
[3]. Ha pucynky 1 300paskeHO maTyuk BOJOrocTi Ta temneparypu Ipynty GXM-01.
Heponikamu MokHa BBaXaTh 0OMEKEHE OXOIUIEHHS TEPUTOPIi, TaK SIK KOXKEH JaTuuK
¢dikcye naHl JuIie 3 ONHIEI TOYKH, a JJIsl OTPUMAaHHS MOBHOI KapTHMHH HEOOX1JIHO
BCTAHOBJIIOBATH BEJIMKY KUIBKICTh TAKUX, IO ICTOTHO MIABUILY€E BAPTICTh CUCTEMU Ta
il oOcayroByBaHHs, TOMY OUIBIIICTh CTaIllOHAPHUX CHCTEM HE IIIXOMSITh IJIS
TPOMI3IIKHX 3a]1ad.

&Temperoture

&Moisture

Vegetable Garden

Pucynok 1 — BaCTbcyBaHH;I natuyuky GXM-01 Ta Bumisix MoO1JIbHOTO 3aCTOCYHKY

Mo6inbHi cucTeMH. [X 3aCTOCOBYIOTH, KOIHU € MOTpeba B OXOMJIEHH] BETMKOT IO
JUTsl OTPUMAaHHI TTOBHOT KQpTUHU CTaHy JUISHOK IPYHTY. Taki pimeHHs 6a3yr0ThCs Ha
pyxomMux  muargopmax,  30KpeMa  JApoHAaxX, HazeMHuUX  pobOorax  abo
CLITbCHKOTOCTIONIAPCHKIN TEXHIIII, IKa OCHAIILYEThCS BIIMOBIAHUMU fatunkamu. [1ig gac
MEePEMIIIICHHST TEPUTOPIEIO I MPUCTPOI 3A1MCHIOITH 301p Ta (ikcallito MOKa3HUKIB
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IPYHTY B PI3HUX TOYKaX, MICISl YOTO CTBOPIOETHCS Marla CTaHy IPYHTOBOTO MOKPHBY 1
HAJAETHCSl KOPUCTYBa4€Bl y MOOLILHOMY 3acTOCYHKY. Ha pucyHKy 2 mpeacTaBieHO
Bursig margopmu Veris U3 ta pH crany rpyHTy Ha Mari miciig o0’i3ay nods [4].
Henonikamu € BUCoka BapTICTh, TOTpeda y peryasipHOMy TEXHIYHOMY OOCITyTrOBYBaHHI;
TOYHICTh JAHUX 3aJICKUTh BiJ] MApUIPYTy Ta SIKOCTI MPOXOMKEHHS IIarQopmu, a
MOTOJIHI YMOBUM MOXYTh HEraTMBHO BIUIMBAaTHU Ha PoOOTYy JPOHIB a00 HA3EeMHHX
armapariB;, BHMAaralTh OUIBIIOI EHEPreTUYHOI TMOTYXHOCTI Ta MONEPEAHbOTO
IUTaHyBaHHS MapuIpyTiB 300py iH(popMaIlii.

Pucynok 2 — Cucrema Veris

[Opuani cuctemu. BoHM MOEAHYIOTH €IEMEHTH $K CTAI[lOHAPHOTO, TaK 1
MOOUIBHOTO MOHITOPUHTY. B Takux pillleHHSIX BUKOPUCTOBYIOTHCS CTalllOHApHI
CEHCOpHU IS PErYJISIpPHOTO 300py 0a30BHX JIaHUX y KIFOYOBHX 30HAX, Y TOM 4Hac SIK
MOOUIbHI 3ac00M (IPOHM HA CYNMYTHHUKOBI 3HIMKH) JalOTh 3MOTY MEPIOJUYHO
3MIACHIOBATH JIETaJIbHE MPOCTOPOBE OOCTEKEHHS TOJIB, Jasi JaHl aHaJI3yIOThCA B
XMapi, a pe3yJIbTaToOM € Mara MociBy ad0 ypOXKaiflHOCTi, BOJIOTOCTI TOIIO. Y TPHKIA]
MokHa HaBecTu cuctemy Climate FieldView [5]. Ha pucynky 3 mokazaHo 3aBIaHHS 3
MOCIBY Y 3acTOCyHKY. Hepomnikamu € peanizanis KOOpJWHAIll M JBOMa THUIIAMU
o0naJHaHHs, W0 YCKIAJAHIOE IHTETpalilo 1 MIABUILYE BUTpaTH; CKIATHII Yy
HaJTAITYBaHHI, 060 MOTPeOyIOTh KBami(PiKOBAaHOTO MEPCOHATY s OOCITyrOBYBaHHS,
MOXKYTh OyTH UyTJIMBUMH JI0 300iB y Oy/Ib-IKOMY 3 KOMIIOHEHTIB.

Edit Prescription

Pucynok 3 — PenaryBanus nocisi 3a gonomororo FieldView
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VYci Buie3rafadi CUCTEMH MPAIIOIOTh 33 PI3HUMH METOAaMH Ta TEXHOJOTIIMU
aHajizy rpyHry. Po36epemo ix okpemo.

MosnitopuHr 0a30BuX (Pi3UYHUX MapaMmeTpiB. 3 Ha3BU MOXHA 3pO3yMITH, 11O IEH
METOJI 30CEPEKEHNI Ha BUMIPIOBAHH1 KJIIIOUOBUX (DI3MUHUX XaPAKTEPUCTUK IPYHTY,
TaKMX $IK BOJIOTICTh, TeMmIleparypa, ejlekrponpoBinHictb Ta pH. Llporo moxna
JMOCSTHYTA 32  JIONOMOIOK  jJaryukiB.  Hampuknan, gardyuku  BOJIOTOCTI
BUKOPHUCTOBYIOTh MPHUHIMUIT 3MIHU J1€EKTPUYHOI MPOHUKHOCTI JUIsi BU3HAYEHHS
BMICTY BOAM B IpPyHTI, TOOTO, 3MiHa pIBHS BOJIOTOCTI 3MIHIOE JICIEKTPUUHY
MPOHUKHICTh, MO0 Jalli 3MIHIOE €MHICTh KoHAeHcaropa [6]. IlomiOHi marymku
JIO3BOJISIIOTH ONTHUMI3YBaTH 3pPOIICHHS Ta YHUKHYTH HaIMIpHOTO ab0 HEJOCTaTHHOTO
nonuBy. TemmnepaTypHi CEHCOpU JTOMOMAararoTh KOHTPOJIIOBATH LUK POCTY KYJIBTYP
Ta aKTUBHICTH MIKPOOPTaHI3MIB, SIKI JJOTIOMAraloTh PO3KJIaJaTH OpraHiky Ta poouTu
MOXXUBHI1 PEYOBUHU JTOCTYITHUMHU JJISl POCIIMH, BUBHAYUTH HAMKPAIIUN Yac JJIs TOCIBY.
Hapas3i 1ocuTh NONyJIsIpHUM € MOEIHAHHS TaTYMKIB BOJIOTOCTI 1 TEMIIEPATypH B OJIMH.
JlaTuuKu eNEeKTPOIPOBIAHOCTI BUMIPIOIOTh COJIOHICTh I'PYHTY, 110 € KPUTUYHUM IS
3ano0iraHHs 3acoJICHHIO Ta 3a0e3IMeueHHs 3JI0pOBOTO pocTy pociuH. pH-ceHcopu
JOTIOMAararoTh BHM3HAYUTU KHUCIOTHICTh a00 JYXKHICTh TPYHTY, IO BIUIMBAE Ha
JOCTYIHICTb MO)KUBHUX PEYOBUH I POCIUH [7].

AHami3z XIMIYHOTO CKJany TIpyHTy. lLle#i mnpusHaueHud yis BU3HAYEHHS
KOHIIEHTpAIllii OCHOBHUX IMOKHBHHUX €JIEMEHTIB y IPYHTI, TakuX sk a30T (N), ¢pochop
(P) 1 kamit (K). JIna uporo € NPK-ceHcopu, 1110 €JIeKTPOMArHiTHOK 1HAYKIIIEIO Ta
CHEKTPOCKOINIEI0 OILIHIOITh BMICT IIMX €JE€MEHTIB, 100 MNOTIM (QepMepu TOYHO
J03yBajii AOOpMBA Ta YHUKAIM iX HAAMIPHOTO BUKOpHUCTaHHs [8]. SAkiio nmotpidbex
JeTaJbHIIINI aHall3, HAalpUKIa/l, BMICT OLIbII IIUPILIOTO CIEKTPY 10H1B, ICHYIOTh [oH-
CEJICKTUBHI €JIEKTPOJIH.

KommiekcHuii MoHITOpUHT. BiH 00’€qHye BHUMIpIOBaHHS SIK (PI3MYHUX, TaK 1
XIMIYHUX TapaMmeTpiB rpyHTy. Hampuknaza, miardopma RapidMapper, po3pobiieHa B
pamkax mpoekty «Intelligence for Soil [4S» y Himewyunni, komMOiHye MeTOqU
SJIEKTPOIIPOBIAHOCTI, pH-ToTEeHIIIOMeTpii, raMMma-creKTpocKonii Ta iHGpayepBOHOI
CIEKTPOCKOIIIT /IS AETAIBHOTO aHAII3Y IPYHTY B PeaJbHOMY 4aci 1 mepesae ix yepes
CUCTEeMY MIATPUMKH MIPUUHATTS pitieHb [9]. PoGoTa i€l cucreMu MOXHA MTOOAYMTH Ha

PHUCYHKY 4.

DGNSS receiver

r 45

Pucynox 4 — ITnardopma RapidMapper B pobodomy pexxumi
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Cucremu, 110 TPALIOIOTh, BUKOpUCTOBYIoUH [0T, MOXyYTh nepefaBaTu iHGOpMaIIio
PI3HUMHU CIIOCOOAMH.

beznporosi Wi-Fi-monyimi 3a6e3neuytoTh nepeaady JaHuX 3 JaTYMKIB 10 XMApPHUX
cepBiciB a00 MOOUIBHMX 3aCTOCYHKIB 4Yepe3 JIOKaJbHYy O€3IpOoTOBYy Mepexy. Sk
npuKiaja peatizaiii BrpoBamkeHHs Wi-Fi-Mmonyns moxkHa HaBecTu npuctpiid Soilmote
Bil Zynect Sensors. Y peXuMi peasbHOTO 4Yacy, BHUKOPHUCTOBYIOUM CIICLIaIbHUN
MOOLTEHUH 3aCTOCYHOK, KOPUCTYBa4 MOKE OAaYUTH BUMIPSHI TapaMeTPH BOJIOTOCTI Ta
TeMmneparypu IpyHty (puc. 5). O6mexenuit pamiyc nii crangaptHux Wi-Fi mepex
poOUTH TX MEHII IPUIATHUMH JIJI1 BUKOPUCTAHHS HA BEITUKHUX BIIKPUTHX TUIONIAX, JC
nepeBara HaJaeThCsl TEXHOJIOTISIM 3 OUTBIIUM PaJlyCoOM MOKPHUTTS, TOMY II€ PIIIEHHS
1IXOIUTh JUTIsl TeTUTUIIb, CaJliB Ta JOMaIHIX pocaud [10].

B! 5. € Soilmote /7 c &« Soilmote /s c ¢« Soilmote s c
Setpoints: Low 36, High 57.5 as defined by you
‘ n

o]

7 days ago

@ Ssensor is Out of Bounds

Ithaca Farmer's Temperature
Market 36.1
Soilmote “
Dry Alert [Pz
. 1

8 Trish X
Thermote ( )
Hot Alert 6 22 ADD CONTACTS
Dry Alert

Setpoints: Low 36, High 57.5 as defined by you * Danger Zone
) 3 YOU own this Sensor

7 days ago Check Box to Unlock Section

ENABLE SHARING

FENNY i

Il (@) < I @] < Ul O < | (@] <

Pucynok 5 — Bursin MoOiIbHOTO 3aCTOCYHKY Soilmote

CrinpaukoBl Mepexi GSM, 4G, 5G. Tam, ae BiacytHe Wi-Fi nokputts
BUKOPHUCTOBYIOTh  CTUIBHHUKOBI ~ MEpeXki, 1€ aKTyallbHO [JI8  BiJJaJeHUX
CUIBCHKOTOCIIOAAPCHhKUX AUTSTHOK. Hapasi mo ycboMy CBITY BOPOBAKYIOTh MOOUIbHY
Mepexy SG, 00 BoHaA mepeBaXkae 1Mo MIBUIAKOCTI Mepeaadl JaHUX 1 HU3BKO1 3aTPUMIII
curHainy. Y 2022 OyB mpencTaBlIeHUHd MOBHICTIO aBTOHOMHMI Tpaktop John Deere
(puc. 6), 3patHUi 0OpOONIATH MO O€3 y4acTl JIOAWHU, ajie 3aBASKUA MOTY>KHOMY
Habopy KaMep, CEHCOPIB 1 0e31poTOBIM TexHoor1i SG, sIKi JO3BOISAIOTH i CAMOCTIHHO
OpIEHTYBATHUCS HA MICUEBOCTI, MPUUMATH PIILIEHHS Ta MepeAaBaTu AaHl B peaJbHOMY
qaci 10 XMapu 4epe3 MoOuTbHy Mepexy [11].
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PucyHok 6 — ABTOHOMHUH TP

Husbkoenepretnuni nporokonu nepenadi LoRaWAN. LoRaWAN (Long Range
Wide Area Network) BUKOpUCTOBY€E MEpPEKEBY TOMOJOTIIO «31pKa 31pOK», € KIHIEBI
NPUCTPOi 3B SA3YIOTHCS 3 OAHUM a00 KUIbKOMa NUII03aMH, SIKI MOTIM MEPeIaroTh
MOBIJJOMJICHHSI HA LEHTPAJIbHUI MEpexXeBU cepBep uepe3 crannaptHi 1P-3’enHanHs
(puc. 7). BoHu axTyanmbHI i1 CUIBCBKOTO TOCHOJAPCTBA 3aBASKUA BEIMKUM
reorpaiyHUM IUJIOIIAM, SIKI 4acTO 3aJly4yarloThCs, Ta MOTpedi B JaTyuKkax, IO
MPaIfoI0Th BiJ] Oarapei, y BiIIaJICHUX MICISIX 0€3 JIETKOTro JOCTYITY JI0 >KUBJICHHS [12].

LoRaWAN Wireless Technology

Nodes LoRaWAN (Long Range Wide Area network)
Air temperature
Relative humidity Computer
Soil moisture I_I
Rainfall LoRaWAN
Gateway Internet ==

Wind speed
Wind direction .

CO, emissions ’ . @%
Liquid level in tanks \

Machinery locations
Stored grain conditions

Building security

Cell Phone
Livestock locations

Pucynoxk 7 — Cxema nepenadi nanux y mepesxki LORaWAN st arpapHoro
MOHITOPUHTY

Mepexi ommxabOT0 paniycy aii Bluetooth ta Zigbee. i Texnomorii ocoOnuBo
3py4Hi B YMOBaX, JIe HEMa€ MOTPeOU y BETUKOMY pajiyci Ail: y TEIUIUIX a00 HaBITh
Ha NpUcaguOHil TiNsgHIi. X MOKHA BUKOPUCTOBYBATH PAa30M i3 IPOCTUMH JATYNKAMU
BOJIOTOCTI, TEMIIEPATYPHU, OCBITIICHOCTI TOIIO. Taki CEeHCOpH 3pyuHI JJid 1HTErpaiii B
CHUCTEMH PO3yMHOTO JOMY Ta aBToMaruzailii nosmsy [13]. Hanpukmnan, Ha pucyHky 8
300pa)KeHO aT4MK, 1110 BUKOpHUCTOBYe Bluetooth aiis anamizy rpyHTy.
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Pucynox 8 — BluetothJ:[aTqI/IKa rpyHTy N335 i3 nutto3om

BUCHOBKMU. VY pesynbrari H0chaipKeHHsT OyJa0 pOaHali30BaHO PO3MOBCIOMKEHI
BUJIM CHCTEM aBTOMAaTH3allll aHalidy IpyHTy Ha 0a3i texHomorii loT, a cawme:
CTallloHapHi, MOOUIbHI Ta TOPHIHI; IEpEeTiveHi X mepeBaru Ta HeAoiku. Po3msHyTo
MeToau 300py, 0OpoOKM ¥ Tepenavi JIaHUX, K1 JIEKaTh B OCHOBI (DyHKIIIOHYBaHHS
Takux cucteM. lloganbiimii po3BUTOK Ta BIPOBAHKEHHS JO3BOJISTH arpapisiM Kpare
npuitMaTi oOrPYHTOBAH1 pilieHHs: 200 30BCIM JTO3BOJIUTH POOUTH PO3BUHYTH CUCTEM
1€ 32 HUX I[0JI0 3POIIEHHS, BUKOPUCTAHHS JOOPUB Ta 1HIINX arpOTEXHIYHUX 3aXO0/IiB,
110, B CBOIO YEPry, CIPUsIE MIJIBUILEHHIO BPOXKAHHOCTI, €()EeKTUBHOMY BUKOPUCTAHHIO
pecypciB Ta 3HUKEHHIO BIUIUBY Ha JOBKIJLIA.
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[TporpaMHuuii Ko MiAKITIOYEHHS JaTYUKa 10 MIKPOKOHTpOJIepa Ta nepeaadi JaHuX y

#define BLYNK TEMPLATE ID "TMPL40OFG8RvY"

BLYNK

#define BLYNK TEMPLATE NAME "system"

#define BLYNK AUTH TOKEN "PEmEBE2r¢cN9OcoQFHt3ccPM3MUJ0bQio0"

#define BLYNK PRINT Serial

#include <WiFi.h>
#include <WiFiClient.h>
#include <BlynkSimpleEsp32.h>

char ssid[] = "Wokwi-GUEST";

char pass[] ="";

typedef struct {
uintl6_t nitrogen;
uint16_t phosphorus;
uint16_t potassium;
uintl6 t ph value;
uint16_t conductivity;
intl6 t temperature;
uint16_t humidity;

} SensorData;

SensorData sensorValues;



// Blynk BipTyanbHi miHu
#define VPIN_N V0
#define VPIN P V1
#define VPIN_K V2
#define VPIN PH V3
#define VPIN_EC V6
#define VPIN_TEMP V4
#define VPIN_ HUMI V5

BlynkTimer timer;

float getSeriallnputFloat(const char* prompt) {
Serial.print(prompt);
while (Serial.available() == 0) {
delay(100);

}

float value = Serial.parseFloat();

while(Serial.available() > 0 && Serial.read() !="\n');
Serial.println(value);

return value;

bool readSensorDataFromSerial() {

Serial.printin("BBeaits napamerpu rpyHTy");

float n_float = getSeriallnputFloat(" Azot (N, mg/kg): ");

sensor Values.nitrogen = (uint16_t)n_float;

float p_float = getSeriallnputFloat("®ocdop (P, mg/kg): ");



sensor Values.phosphorus = (uintl6_t)p float;

float k float = getSerialInputFloat("Kamiii (K, mg/kg): ");

sensor Values.potassium = (uint16_t)k float;

float ph_float = getSeriallnputFloat("pH: ");
sensorValues.ph_value = (uintl16_t)(ph_float * 100.0);

float ec_float = getSeriallnputFloat("Enexrponposiguicts (EC, uS/cm): ");

sensor Values.conductivity = (uintl6_t)ec float;

float temp float = getSeriallnputFloat(" Temneparypa °C: ");

sensor Values.temperature = (int16_t)(temp_float * 10.0);

float humi_float = getSeriallnputFloat("Bosnoricts %: ");

sensor Values.humidity = (uint16_t)(humi_float * 10.0);

Serial.println("-------=========mmme e ");

return true;

void sendSensorData() {

if (readSensorDataFromSerial()) {
// KoHBepTy€eMO 3HaY€HHS (SIKIO MOTPIOHO) 1 BUBOJUMO
float nVal = (float)sensorValues.nitrogen;
float pVal = (float)sensorValues.phosphorus;
float kVal = (float)sensorValues.potassium;
float ph'Val = (float)sensorValues.ph value / 100.0;

float ecVal = (float)sensorValues.conductivity;
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float tempVal = (float)sensorValues.temperature / 10.0;

float humiVal = (float)sensorValues.humidity / 10.0;

Serial.println("1ani, BBeneHi Bpyuny:");
Serial.printf("N: %.1f mg/kg\n", nVal);
Serial.printf("P: %.1f mg/kg\n", pVal);
Serial.printf("K: %.1f mg/kg\n", kVal);
Serial.printf("pH: %.2f\n", phVal);
Serial.printf("EC: %.0f uS/cm\n", ecVal);
Serial.printf("Temneparypa: %.1f °C\n", tempVal);
Serial.printf("Bomnoricts: %.1f %%\n", humiVal);

Serial.println("--------=========m = ");

Blynk.virtualWrite(VPIN N, nVal);
Blynk.virtualWrite(VPIN P, pVal);
Blynk.virtualWrite(VPIN K, kVal);
Blynk.virtualWrite(VPIN_PH, phVal);
Blynk.virtual Write(VPIN EC, ecVal);
Blynk.virtualWrite(VPIN _TEMP, tempVal);
Blynk.virtual Write(VPIN _HUMI, humiVal);

} else {

Serial.println("He Bnanocsa orpumarn nani");

}
h

void setup() {
Serial.begin(9600);

Blynk.begin(BLYNK AUTH_ TOKEN, ssid, pass);
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timer.setlnterval(500L, sendSensorData);

Serial.printin("BBeaiTs 3nHaueHns");

}

void loop() {
Blynk.run();

timer.run();

}
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JTOJATOK B
OcHOBHUH KOJT IPOTPAMHOTO 3acO0y CHCTEMHU aBTOMATH3AIlil aHami3y IPYHTY Y VS

CODE

import streamlit as st

import requests

import pandas as pd

from data loader import load from json, load from google sheets

from analysis logic import analyze soil conditions, recommend suitable crops,
get fertilizer and care advice

from streamlit echarts import st echarts

import base64

import streamlit.components.vl as components

st.set_page config(
page _title="Amnamni3 rpyHry",
layout="wide",

]

initial sidebar state="expanded"

defimg to base64(image path):
try:
with open(image path, "rb") as img_file:
return base64.b64encode(img_file.read()).decode('utf-8')
except Exception as e:
st.error(f"'Tlomumka 3aBanTakeHHst 300pakeHss '{image path}'": {str(e)}")

"nn

return

def get weather(lat, lon):
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try:
API KEY ="6be5db735b430e26e46729bd12d392f7"
url =
f"'http://api.openweathermap.org/data/2.5/weather?lat={lat} &lon={lon } &appid={ API
_KEY} &units=metric&lang=uk"
response = requests.get(url, timeout=5)
response.raise_for status()

data = response.json()

weather translations = {
'clear': 'SIcno', 'clouds': 'Xmapsno', 'rain': '[{omt',
'thunderstorm': 'Tpo3a’, 'snow': 'CHir', 'mist': "Tyman’,
'overcast clouds': 'CyminsHa xmapHicTs', 'few clouds': 'HeBenuka XxmMapHICTB',

'scattered clouds': 'Po3cissHa xmapnicTts', 'broken clouds': 'Xmapho 3

IIPOSICHEHHSIMU

'shower rain': '3nuBa’

weather desc_main = data['weather'][0]['main'].lower()

weather desc detail = data['weather'][0]['description'].lower()

translated desc = weather translations.get(weather desc detail,
weather_translations.get(weather desc_main,

data['weather'][0]['description'].capitalize()))

return {
'temp': round(data['main']['temp']),
'desc': translated desc,
'icon': data['weather'][0]['icon'],

'humidity': data['main']['humidity'],



'city": data['name']
b
except requests.exceptions. Timeout:
st.warning("He Branocst oTpuMaTH MOTO/Ty: Yac O4iKyBaHHS BUYEpPIIaHO.")
return None
except requests.exceptions.RequestException as e:
st.error(f"Ilomunka orpumanns moronu (mepexxa/API): {str(e)}")
return None
except Exception as e:
st.error(f"'3arasibHa MOMUIIKA OTpUMaHHs noroAu: {str(e)}")

return None

css_styles="""
<style>
body { margin: 0; padding: 0; font-family: Arial, sans-serif; }
.header-container {
position: relative; width: 100%; height: 150px; overflow: hidden;
b
.header-bg {
position: absolute; width: 100%; height: 100%; object-fit: cover; z-index: 1;
b
.weather-widget {
position: absolute; left: 20px; top: 15px;
color: white; display: flex; align-items: center;
background: rgba(0,0,0,0.5); border-radius: 10px;
padding: 8px 12px; backdrop-filter: blur(4px);
-webkit-backdrop-filter: blur(4px); z-index: 3;
b
.weather-widget img { margin-right: 10px; }

.weather-city {
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font-size: 1.05em;
font-weight: bold;
margin-bottom: 4px;
text-shadow: 1px Ipx 2px rgba(0,0,0,0.6);
b
.weather-temp { font-weight: bold; font-size: 1.15em; }
.weather-desc { font-size: 0.9em; }
.weather-humidity { font-size: 0.9em; }
.header-title {
position: absolute; top: 50%; left: 50%;
transform: translate(-50%, -50%); color: white;
font-size: 28px; font-weight: bold;
text-shadow: 2px 2px 4px rgba(0,0,0,0.8);
background-color: rgba(0,0,0,0.5); padding: 10px 20px;
border-radius: 6px; z-index: 3; text-align: center;
b
</style>

nmn

image base64 =1img to base64('assets/backl.png')
if not image base64:

image base64 =img to base64('backl.png')

weather data_display = None

if ('soil_data' in st.session_state and
isinstance(st.session_state.soil_data, pd.DataFrame) and
not st.session_state.soil data.empty and
'selected record index' in st.session_state and

st.session_state.selected record index < len(st.session state.soil data)):
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current _data for header =
st.session_state.soil data.iloc[st.session_state.selected record index]
lat header = current_data for header.get('latitude')

lon_header = current_data for header.get('longitude')

if pd.notna(lat_header) and pd.notna(lon_header):
weather data display = get weather(lat_header, lon header)
else:
st.info("KoopauHaru Jyisi HOTOYHOTO 3aIlKMCy BIJICYTHI, MOTOAY JIJISl 3arojIOBKa HE

3aBaHTaXeHO.")

weather widget html=""
if weather data display:
weather widget html = """
<div class="weather-widget'">
<img
src="http://openweathermap.org/img/wn/{weather data display['icon']}@2x.png"
width="40">
<div>
{f'<div class="weather-city">{weather data display["city"]}</div>'"if 'city' in
weather data display else "}
<div class="weather-temp">{weather data display['temp']} °C</div>
<div class="weather-desc">{weather data display['desc']}</div>
<div class="weather-humidity">Booricts:
{weather data display['humidity']}%</div>
</div>
</div>

nmn

else:
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weather widget html ="""
<div class="weather-widget'">
<div style="padding: 5px;">Ilorona: nani BiacyTHi</div>

</div>

nmn

final html header = """
<IDOCTYPE html>
<htmI>
<head>
<meta charset="UTF-8">
{css_styles}
</head>
<body>
<div class="header-container">
<img class="header-bg" src="data:image/png;base64,{image base64}">
{weather widget html}
</div>
</body>
</html>

nmn

components.html(final html header, height=150)

if 'soil_data' not in st.session_state:
st.session_state.soil data = pd.DataFrame()

if 'current_ mode' not in st.session_state:
st.session_state.current mode = "monitoring"

if 'selected record index' not in st.session_state:
st.session_state.selected record index = 0

if 'selected crop for advice' not in st.session_state:
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st.session_state.selected crop for advice = None

if 'last weather update' not in st.session_state:
st.session_state.last weather update = None

if 'weather data' not in st.session_state:
st.session_state.weather data = None

if 'data_loaded message shown' not in st.session_state:

st.session_state.data loaded message shown = False

def load css(file name):
try:
with open(file name, "r", encoding="utf-8") as f:
st.markdown(f'<style>{f.read() } </style>', unsafe allow html=True)
except FileNotFoundError:

st.warning(f"®aiin ctunis '{file name}' He 3HaligeHO.")

load css("assets/style.css")

def get_indicator color(param, value):
try:
value = float(value)
if pd.isna(value):
return "#ccc"
except (ValueError, TypeError):

return "#ccc"

param_lower = param.lower()

if param_lower == "ph":

if value < 3.0 or value > 9.0: return "#{44336"
elif 4.5 <= value <= 6.0 or 7.5 <= value <= 8.5: return "#FDDD60"



else: return "#91cc75"

elif param lower == "azor (n)":
if value < 20 or value > 200: return "#{44336"
elif 20 <= value <= 50 or 150 <= value <= 200: return "#FDDD60"
else: return "#91cc75"

elif param_lower == "docdop (p)":
if value <5 or value > 80: return "#{44336"
elif 5 <= value <= 15 or 60 <= value <= 80: return "#FDDD60"
else: return "#91cc75"

elif param_lower == "kamiii (k)"
if value < 50 or value > 400: return "#f44336"
elif 50 <= value <= 100 or 300 <= value <=400: return "#FDDD60"
else: return "#91cc75"

elif param_lower == "BooricTs":
if value < 10 or value > 90: return "#{44336"
elif 10 <= value <= 30 or 80 <= value <= 90: return "#FDDD60"
else: return "#91cc75"

elif param lower == "temmneparypa":
if value < 0 or value > 45: return "#f44336"
elif 0 <= value <= 10 or 35 <= value <= 45: return "#FDDD60"
else: return "#91cc75"

elif param lower == "ec":
if value < 800 or value >= 3500: return "#{44336"
elif (800 <= value <= 1000) or (2500 <= value <= 3500): return "#FDDD60"
else: return "#91cc75"

return "#ccc"

def render gauge(title, value, min value, max_value, unit):

try:

if value is None or pd.isna(value):
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value float=0.0
display value = "N/A"
else:
value float = float(value)
display value = f"{value float:.1f}" if isinstance(value float, float) and not
title.lower() == "ec" else str(int(value float)) if isinstance(value float, float) and
title.lower() == "ec" else str(value float)
if title.lower() == "ec" and display value != "N/A":
display value = " {int(value float)}"
except (ValueError, TypeError):
value float=0.0

display value = "Error"

try: min_val float = float(min_value)
except (ValueError, TypeError): min_val float =0.0
try: max_val float = float(max value)

except (ValueError, TypeError): max val float =100.0

range val =max val float - min val float
percentage = min(1, max(0, (value float - min_val float) / range val)) if range val

=0 and display value !="N/A" else 0

color = get indicator color(title, value float if display value != "N/A" else

min_val float -1)

option = {
"series": [{
"type": "gauge",
"startAngle": 180,

"endAngle": 0,
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"min": min_val float,
"max": max_val float,
"axisLine": {
"lineStyle": {
"width": 20,
"color": [[percentage, color], [1, "#eee"]],

"cap": 'round'
b

s
"pointer": {

"show": False
s
"axisTick": { "show": False },
"splitLine": { "show": False },
"axisLabel": { "show": False },
"detail": {

"valueAnimation": True,

"formatter": " {display value} {unit}" if display value !="N/A" else "N/A",

"color": "auto" if display value !="N/A" else "#ccc",

"fontSize": 20,
"offsetCenter": [0, "-15%"],
"fontWeight": "bold"

s

"data": [{"value": value float if display value != "N/A" else None, "name":
title} ],

"title": {
"offsetCenter": [0, "30%"],
"fontSize": 14,
"fontWeight": "bold"

s



"radius": "90%"

i

b
st_echarts(option, height="220px")

def show weather widget main logic():
try:

if not isinstance(st.session_state.soil data, pd.DataFrame)
st.session_state.soil data.empty:

return None

current data
st.session_state.soil data.iloc[st.session_state.selected record index]
lat = current data.get('latitude’)

lon = current data.get('longitude')

if pd.isna(lat) or pd.isna(lon):

return None

API KEY ="6be5db735b430e26e46729bd12d392{7"
UNITS = "metric"

url
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or

f"http://api.openweathermap.org/data/2.5/weather?lat={lat} &lon={lon} &appid={ API

_KEY} &units={UNITS} &lang=uk"
response = requests.get(url, timeout=5)
response.raise_for status()

data = response.json()

city name = data.get('name', 'HeBinome Miciie')
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temp = round(data['main']['temp'], 1)
weather desc api = data['weather'][0]['description']
humidity = data['main']['humidity']

icon_code = data['weather'][0]['icon']

weather translations = {
'overcast clouds': "Xmapno', 'clear sky': 'SIcuo',
'few clouds': 'HeBenuka xmapHicTh', 'scattered clouds': 'Po3cisHa XMapHICTB',
'broken clouds': 'XmapHo 3 nposiciennsimu', 'shower rain': '3nusa’,
'rain"; '[our', 'thunderstorm': 'Tpo3za’, 'snow': 'Cuir', 'mist": "Tyman'
b
weather desc translated = weather translations.get(weather desc api.lower(),

weather desc_api.capitalize())

return {
'city': city_name, 'temp': temp, 'desc': weather desc translated,
'humidity': humidity, 'icon": icon_code, 'lat': lat, 'lon": lon
b
except requests.exceptions. Timeout:
st.warning("He Branocsi OHOBUTH MOTOAY: Yac O4iKyBaHHS BUYEpHaHo.")
return None
except requests.exceptions.RequestException as e:
st.error(f"'I[Tomunka oHoBneHHs noroau: {str(e)}")
return None
except Exception as e:
st.error(f"3araspbHa MOMUIIKA TIPY OHOBJICHHI moroau: {str(e)}")

return None

if isinstance(st.session_state.soil data, pd.DataFrame) and not

st.session_state.soil data.empty:
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current_data for weather update =
st.session_state.soil data.iloc[st.session_state.selected record index]
current_coords = (current data for weather update.get('latitude'),

current _data for weather update.get('longitude'))

if (st.session_state.last weather update != current coords and
pd.notna(current coords[0]) and pd.notna(current coords[1])):
st.session_state.weather data = show weather widget main_logic()
st.session_state.last weather update = current coords

#st.rerun()

st.markdown("AHamni3 IpyHTY, MOHITOPHHI Ta BHUOIp ONTHUMAJIBHHUX KYJIBTYp MJIs
BUPOIIyBaHHA")

st.markdown("---")

switch _mode = st.toggle(
"Pexum nopan",
value=(st.session_state.current mode == "advice"),
help="V¥BimknHeno: Pexxum mopan momo BuOOpy Kynbryp. Bumkaeno: Pexum
MOHITOPUHTY CTaHy IPyHTY.",

key="mode selection toggle labeled"

if switch_mode:
st.session_state.current mode = "advice"
else:

st.session_state.current mode = "monitoring"

st.sidebar.title("HanamryBanus ta mii'")

st.sidebar.header(" I>xepeno nanux")
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data_source type = st.sidebar.radio(
"OGepiTh THI KEpena:",
('YJSON daitr', 'Google Sheets', 'BBectu nani Bpyuny'),

key="data source type radio"

if data_source type == 'JSON daiin'":
uploaded file = st.sidebar.file uploader("3aBantaxte Bam JSON aitn",
type=["json"])
if uploaded file:
with st.spinner("3aBanTaxeHHs AaHUX..."):
st.session_state.soil data =load from json(uploaded file)
st.session_state.selected record index = 0
st.session_state.selected crop for advice = None
st.session_state.data loaded message shown = False
if st.session_state.soil data.empty:
st.sidebar.error("Ilomunka 3aBantaxkeHHs nanux 3 JSON abo daiin
MOPOXKHI.")
else:
st.sidebar.success("/lani 3 JSON 3aBanTa)keHo!")

st.rerun()

elif data source type =='Google Sheets":
sheet input = st.sidebar.text input("Bsexits ID a6o URL Google Sheets:")
if st.sidebar.button("3aBanTaxutu 3 Google Sheets"):
if sheet_input:
with st.spinner("3aBanTaxeHHs 1aHUX..."):
st.session_state.soil data =load from google sheets(sheet input)
st.session_state.selected record index = 0

st.session_state.selected crop for advice = None
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st.session_state.data loaded message shown = False
if st.session_state.soil data.empty:
st.sidebar.error("[Tomuinka 3aBanTtaxkensnst nanux 3 Google Sheets abo
TaOJHIIST TTOPOXKHS.")
else:
st.sidebar.success("ani 3 Google Sheets 3aBantaxkeno!")
st.rerun()
else:

st.sidebar.warning("Benits kopekTHe nocunanus ado ID Ttabmuiri.")

elif data_source type == 'BBectu nani Bpyuny":
st.sidebar.subheader("BBeniTh mokazHuku rpyHTy:")
current manual data dict = {}
if isinstance(st.session_state.soil data, pd.DataFrame) and \
not st.session_state.soil data.empty and \

st.session_state.selected record index < len(st.session_state.soil data):

current manual data dict

st.session_state.soil data.iloc[st.session_state.selected record index].to dict()

coll sidebar, col2 sidebar = st.sidebar.columns(2)

default lat, default lon = 50.231766, 36.431977

manual ph = coll sidebar.number input("pH", min value=3.0, max value=9.0,
value=None, step=0.1, format="%.1{")
manual n = col2 sidebarnumber input("Azor (N, ppm)", min_value=0,
max_value=200, value=None, step=1)
manual p = coll_sidebar.number input("®ochop (P, ppm)", min_ value=0,
max_value=80, value=None, step=1)
manual k = col2 sidebar.number input("Kamiit (K, ppm)", min value=0,

max_value=400, value=None, step=1)



112

manual hum = coll sidebar.number input("Bonoricts (%)", min_value=0,
max_value=100, value=None, step=1)
manual_temp = col2_sidebar.number input("Temneparypa (°C)", min_value=-10.0,
max_value=50.0, value=None, step=0.1, format="%.1{")
manual ec = coll _sidebar.number input("EC (uS/cm)", min_value=0,
max_value=10000, value=None, step=10)
manual lat = col2 sidebar.number input("llupora", value=default lat,
format="%.61")
manual lon = coll sidebar.number input("/{osrora", value=default lon,

format="%.61")

if st.sidebar.button("Buxopucraru BBeneHi gani'"):
required fields = [manual ph, manual n, manual p, manual k, manual hum,
manual temp, manual ec]
if any(field is None for field in required_fields):
st.sidebar.error("byap nacka, 3amoBHITH BC1 000B'sI3KOB1 MOJIA")
else:
manual data = {
"pH": manual ph, "N _ppm": manual n, "P_ppm": manual p, "K ppm":
manual_k,
"humidity percent": manual hum, "temperature celsius": manual temp,
"ec": manual ec,
"latitude": manual lat, "longitude": manual lon,
"sensor_id": "Manuallnput", "timestamp": pd. Timestamp.now().isoformat()
b
st.session_state.soil data = pd.DataFrame([manual data])
st.session_state.selected record index = 0
st.session_state.selected crop for advice = None
st.session_state.data loaded message shown = False

st.sidebar.success("BBeneni gani 3actocoBaHo!")
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st.rerun()

current_soil data row = pd.Series(dtype='object')

if isinstance(st.session_state.soil data, pd.DataFrame) and not
st.session_state.soil data.empty:
if not st.session_state.data loaded message shown:

st.session_state.data loaded message shown = True

st.sidebar.caption(f'3naiineno {len(st.session state.soil data)} 3amuc(i).")

if len(st.session_state.soil data) > 1:
record _options labels =[]
for 1 in range(len(st.session_state.soil data)):
ts val = st.session_state.soil data.iloc[1].get('timestamp’, 'N/A")
try:
if isinstance(ts val, str) and ts_val !="N/A":
dt obj =pd.to datetime(ts val)
if dt_obj.tzinfo: dt obj = dt obj.tz convert(None)
formatted ts = dt obj.strftime('% Y-%m-%d %H:%M:%S")
elif isinstance(ts_val, pd. Timestamp):
if ts_val.tzinfo: ts val = ts val.tz convert(None)
formatted ts = ts_val.strftime('% Y-%m-%d %H:%M:%S")
else:
formatted ts = str(ts val)
except Exception:
formatted ts = str(ts_val)

record options_labels.append(f'3anuc {i+1} ({formatted ts})")

selected option label = st.sidebar.selectbox(
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"O0epiTh 3amuc A aHamzy:",
options=record_options_labels,
index=st.session_state.selected record index,

key="record_selector"

)

new_selected index =record options labels.index(selected option_label)

if st.session_state.selected record index !=new selected index:
st.session_state.selected record index =new_selected index
st.session_state.selected crop for advice = None

st.rerun()

current_soil data row =

st.session_state.soil data.iloc[st.session_state.selected record index]

elif len(st.session_state.soil data) == 1:
current_soil data row = st.session_state.soil data.iloc[0]

st.session_state.selected record index =0

if not current_soil data row.empty:
if st.session_state.current mode == "monitoring":

st.header("MoHiTOpUHT cTaHy IpyHTY")

st.subheader("Iloka3nuku rpyHrty")
cols _top row = st.columns(4)
with  cols top row[0]:  render gauge("Temmeparypa",
current_soil data row.get("temperature celsius"), -10, 50, " °C")
with  cols top row[l]:  render gauge("Bonoricts",
current_soil data row.get("humidity percent"), 0, 100, "%")
with cols_top row[2]: render gauge("pH", current soil data row.get("pH"),

3, 9’ H")
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with cols top row[3]: render gauge("EC", current soil data row.get("ec"), 0,

4000, " uS/cm")

st.markdown("<br>", unsafe allow html=True)
cols_bottom row = st.columns(3)
with  cols bottom row[0]: render gauge("Azor (N)",
current_soil data row.get("N_ppm"), 0, 200, " ppm")
with  cols bottom row[1]: render gauge("®ochop (P)",
current _soil data row.get("P_ppm"), 0, 100, " ppm")
with  cols bottom row[2]: render gauge("Kamiit (K)",

current_soil _data row.get("K ppm"), 0, 400, " ppm")

analysis_result = analyze soil conditions(current soil data row)
st.subheader("Ouinka ctany rpyHry")

st.markdown(analysis_result)

if 'latitude' in current soil data row and 'longitude' in current soil data row:
lat val = current_soil data row.get('latitude")

lon_val = current soil data row.get('longitude')

if pd.notna(lat val) and pd.notna(lon_val):
try:
lat = pd.to_numeric(lat_val, errors='coerce')

lon = pd.to_numeric(lon_val, errors='coerce')

if pd.notna(lat) and pd.notna(lon):
if -90 <= lat <= 90 and -180 <= lon <= 180:
if st.sidebar.checkbox("Ilokazaru po3ramryBaHHs Ha KapTi",
value=True, key="show map checkbox"):

st.header("Po3ramryBanns natunka')
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map_df = pd.DataFrame({'lat": [lat], 'lon": [lon]})
st.map(map_df, zoom=13)
else:
st.sidebar.warning("HexopekTHi KoOpIMHATH JUTsl KapTH (32 MEKaMHU
Jiara3ony).")
except Exception as e:

st.sidebar.error(f"'[Tomunka mpu 06poOIIi KOOpaAuHAT 1J1s KapTH: {e}")

elif st.session_state.current mode == "advice":
st.header("TIin6ip kynsTyp Ta mopanu")

recommended = recommend_suitable crops(current soil data row)

if not recommended:
st.warning("He Branocs miiopary BIAMOBIIHI KyIbTYpH AJI1 TOTOYHUX YMOB
IpYHTY.")
else:
st.subheader(f"PexomennoBani kynasTypu ({len(recommended)}):")
categories = {}
for crop_info in recommended:
if isinstance(crop _info, dict):
name = crop_info.get('name', '"HeBimoma kynsTypa')
category = crop_info.get('category’, 'Iaiie")
elif isinstance(crop _info, str):
name = crop_info.split('(")[0].strip() if '(" in crop_info else crop_info
category = 'Tame'
if '(" in crop_info and '—' in crop_info:
try:
category = crop_info.split('(")[1].split('—")[0].strip("' )")
except:

pass
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else:
name = str(crop_info)

category = 'Tame'

if category not in categories: categories[category] =[]

categories[category].append(name)

for category, crops_in_cat in categories.items():
with st.expander(f" {category} ({len(crops in_cat)})"):
for crop_name_advice in crops_in_cat:
if  st.button(crop name advice,
key=f"crop {category} {crop name advice.replace('',' ")}"):

st.session_state.selected crop for advice = crop name advice

if st.session_state.selected crop for advice:
st.markdown("---")
st.subheader(f"'ITopaau nms: {st.session_state.selected crop for advice}")
advice = get fertilizer and care advice(
st.session_state.selected crop for advice,
current_soil data row

)

st.markdown(advice)

elif data_source type !='BBectu gani BpyuHy":
st.info("3aBanTaxkre AaHl MpPO CTaH I'PyHTY ab0 BBEAIThH iX BPYUHY AJIA MOYATKY

aHaiizy.")
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JOJATOK '
Kop noriku anamnizy nporpamMHoro 3aco0y CHCTEMH aBTOMAaTH3allli aHaTi3y IPYHTY Yy

VS CODE

import pandas as pd
import joblib

import os

CROP_DATABASE = {
"Grains": {
"ITmenuns o3uma': {
"category": "3epHoBi",
"subcategory": "3epHoOBI KynbTypu",
"pH optimal": (5.5, 7.5),
"N_ppm_optimal": (100, 180),
"P_ppm_optimal": (40, 70),
"K_ppm_optimal": (100, 200),
"EC_optimal": (1000, 2500),
s
"Kykypyn3a Ha 3epHo": {
"category": "3epHoBi",
"subcategory": "TexHiuHi KyabTypu",
"pH_optimal": (5.8, 7.0),
"N_ppm_optimal": (120, 200),
"P_ppm_optimal": (50, 80),
"K_ppm_optimal": (120, 220),
"EC_optimal": (1000, 1700),
s

"SAuminp": {
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"category": "3epHoBi",
"subcategory": "3epHOBI KylIbTypH'",
"pH optimal": (6.0, 7.5),
"N_ppm_optimal": (80, 150),
"P_ppm_optimal": (30, 60),
"K_ppm_optimal": (90, 180),
"EC_optimal": (1500, 3500),

b

¥s
"Vegetables": {

"Tomaru (BIAKPUTHM IPpyHT)": {
"category": "OBoueBi",
"subcategory": "IlacapoHOBI",
"pH_optimal": (6.0, 6.8),
"N_ppm_optimal": (100, 150),
"P_ppm_optimal": (60, 100),
"K_ppm_optimal": (150, 250),
"EC_optimal": (1500, 2500),

s

"Oripku": {
"category": "OBoueBi",
"subcategory": "T"apOy30Bi1",
"pH optimal": (6.0, 7.0),
"N _ppm_optimal": (120, 180),
"P_ppm_optimal": (50, 90),
"K ppm_optimal": (150, 250),
"EC_optimal": (1500, 2500),

s
"Kaprommsa": {

"category": "OBoueBi",



"subcategory": "Kopenemnonu",
"pH_optimal": (5.0, 6.5),
"N_ppm_optimal": (100, 180),
"P_ppm_optimal": (80, 150),
"K_ppm_optimal": (150, 300),
"EC_optimal": (1500, 2000),
s

"Mopxkga": {
"category": "OBoueBi",
"subcategory": "Kopenernonu",
"pH_optimal": (6.0, 7.0),
"N_ppm_optimal": (80, 140),
"P_ppm_optimal": (50, 100),
"K_ppm_optimal": (120, 240),
"EC_optimal": (1000, 2000),

s

"Bypsik cronoBuit": {
"category": "OBoueBi",
"subcategory": "Kopenermonu",
"pH optimal": (6.0, 7.5),
"N_ppm_optimal": (90, 150),
"P_ppm_optimal": (60, 100),
"K_ppm_optimal": (150, 250),
"EC_optimal": (1500, 3000),

s

"Tap0y3": {
"category": "'apOy30Bi",
"subcategory": "I'apOy30Bi",
"pH_optimal": (6.0, 7.0),
"N_ppm_optimal": (100, 160),
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"P_ppm_optimal": (70, 120),
"K_ppm_optimal": (150, 280),
"EC_optimal": (1500, 2500),
s

"Muusa": {
"category": "I"apOy30Bi",
"subcategory": "I"apOy30Bi",
"pH_optimal": (6.0, 7.0),
"N_ppm_optimal": (100, 150),
"P_ppm_optimal": (60, 100),
"K_ppm_optimal": (150, 250),
"EC_optimal": (2000, 3500),

s

"KaByn": {
"category": "I'apOy30Bi",
"subcategory": "I"apOy30Bi1",
"pH_optimal": (6.0, 7.0),
"N_ppm_optimal": (90, 140),
"P_ppm_optimal": (50, 90),
"K_ppm_optimal": (120, 220),
"EC_optimal": (1500, 2600),

b

s
"Legumes": {

"Cosa": {
"category": "bo6oBi",
"subcategory": "3epHo6000B1",
"pH optimal": (6.0, 7.0),
"N_ppm_optimal": (20, 60),
"P_ppm_optimal": (40, 70),
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"K_ppm_optimal": (80, 150),
"EC_optimal": (1000, 2500),
s
"Topox": {
"category": "boOoBi",
"subcategory": "3epHo6000B1",
"pH_optimal": (6.0, 7.5),
"N_ppm_optimal": (20, 50),
"P_ppm_optimal": (30, 60),
"K_ppm_optimal": (70, 140),
"EC_optimal": (800, 1500),
}
s
"Berries": {
"Tomynunusa": {
"category": "SArinHi",
"subcategory": "Aroaun",
"pH optimal": (5.5, 6.5),
"N_ppm_optimal": (80, 120),
"P_ppm_optimal": (50, 80),
"K_ppm_optimal": (120, 200),
"EC_optimal": (800, 2000),
s
"Manuna": {
"category": "Arigni",
"subcategory": "Srogu",
"pH_optimal": (5.5, 6.5),
"N_ppm_optimal": (90, 140),
"P_ppm_optimal": (40, 70),
"K_ppm_optimal": (130, 220),
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"EC_optimal": (800, 1500),

b
I3

"Industrial": {

"ConstiHuK": {
"category": "Texniuni",
"subcategory": "Onmiitui",
"pH optimal": (6.0, 7.5),
"N_ppm_optimal": (50, 100),
"P_ppm_optimal": (40, 70),
"K_ppm_optimal": (150, 250),
"EC_optimal": (1500, 3000),

s

"Pimak": {
"category": "TexHiuHi",
"subcategory": "OmiitHi",
"pH_optimal": (6.0, 7.0),
"N _ppm_optimal": (120, 180),
"P_ppm_optimal": (50, 90),
"K_ppm_optimal": (150, 250),
"EC_optimal": (1500, 2500),

ML COMPONENTS = {}

MODELS DIR ="ml models"

SHARED CROP _ENCODER_PATH = os.path.join(MODELS_DIR,
"crop_encoder shared.joblib")

MODEL PARAMETERS = ["N", "P", "K", "pH", "EC"]
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parameters_to train_config = {
"N": {"optimal key": "N_ppm_optimal", "current key": "current N ppm", "unit":
"ppm", "full name": "Azot (N)"},
"P": {"optimal key":"P_ppm_optimal", "current_key": "current P ppm", "unit": "
ppm", "full name": "®ocdop (P)"},
"K": {"optimal key": "K_ppm_optimal", "current key": "current K ppm", "unit":
"ppm", "full name": "Kamiii (K)"},
"pH": {"optimal key": "pH optimal", "current key": "current pH", "unit": "",
"full name": "Kucnoruicts (pH)"},
"EC": {"optimal key": "EC optimal", "current key": "current EC", "unit": "
uS/cm", "full name": "Enexrponposianicts (EC)"}

}

defload all ml components():
global ML COMPONENTS, ARE ALL MODELS LOADED
all loaded successfully = True
if os.path.exists(SHARED CROP_ENCODER_ PATH):
try:
ML COMPONENTS["crop encoder shared"] =
joblib.load(SHARED CROP_ENCODER_ PATH)
except Exception as e:
print(f"Tlomusika 3aBaHTa»KeHHs CUIBLHOTO crop encoder: {e}")
all loaded successfully = False
ML COMPONENTS["crop encoder shared"] = None
else:
print(f"'Tlonepemxenns: daitn  cmimpHOrO  crop_encoder
"{SHARED CROP_ENCODER_PATH}' ne 3HatineHo.")
all loaded successfully = False

ML COMPONENTS|["crop encoder shared"] = None
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for param_code in MODEL PARAMETERS:
model p = os.path.join(MODELS DIR, f"{param_code.lower()} model.joblib")
encoder_p = os.path.join(MODELS DIR,

f"{param_code.lower()} need encoder.joblib")
param_components loaded = True
if not os.path.exists(model p):
param_components loaded = False
if not os.path.exists(encoder p):
param_components_loaded = False
if param_components loaded:
try:
ML COMPONENTSI[f"{param code.lower()} model"] =
joblib.load(model p)
ML COMPONENTSI[{"{param code.lower()} need encoder"]| =
joblib.load(encoder p)
except Exception as e:
print(f"Tlommnka 3aBanTaxenns ML kommoneHTiB 11 {param_code}: {e}")
all loaded successfully = False
ML COMPONENTS[f"{param code.lower()} model"] = None

ML COMPONENTS[f"{param code.lower()} need encoder"] = None
else:

all loaded successfully = False
ML COMPONENTS[{"{param_code.lower()} model"] = None
ML COMPONENTSI[{"{param_code.lower()} need encoder"] = None

if not all loaded successfully:

print("\nYBAT'A: He Bci ML komnonenTtu Oynu yCHIIIHO 3aBaHTakeHi. ML

opaJu MOXKYTh OyTH HEMIOBHUMHU 200 HETOCTYIHUMHU.")
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ARE ALL MODELS LOADED =all loaded successfully

return all loaded successfully

ARE ALL MODELS LOADED = False

load all ml components()

def flatten crop_ database():
flat db = {}
for category data in CROP_DATABASE.values():
for crop_name, params in category data.items():
flat db[crop name] = params

return flat db

def analyze soil conditions(soil data row):
if soil data row.empty: return "Hemae nanux s aHamizy."
status_parts =[]
ph val = soil data row.get('pH")
if ph_val is not None:
try:
ph = float(ph_val)
if ph < 5.0: status_parts.append(f'- pH: {ph:.1f} (Hdyxe kucnuii)")
elif ph < 6.0: status parts.append(f"- pH: {ph:.1f} (Kucnuit)")
elif ph <= 7.5: status parts.append(f'- pH: {ph:.1f} (Heutrpanpuuit no
ciaboyHoro)")
else: status parts.append(f"'- pH: {ph:.1f} (JIy>xuwuii)")
except ValueError: status parts.append(f'- pH: HekopekTHe 3Ha4YCHHS

({ph_val})")
else: status_parts.append("- pH: nani BiacyTH1")

ec_val =soil data row.get('ec')
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if ec_val is not None:
try:
ec = float(ec_val)
if ec <200: status_parts.append(f"- EC: {ec:.0f} uS/cm ([dyxe Huzpka)")
elif ec < 800: status_parts.append(f"- EC: {ec:.0f} uS/cm (Hu3zpka)")
elif ec <= 2500: status_parts.append(f"- EC: {ec:.0f} uS/cm (Ontumanbna)")
elif ec <= 5000: status_parts.append(f"- EC: {ec:.0f} uS/cm (IlixBumena)")
else: status_parts.append(f'- EC: {ec:.0f} uS/cm (3anaaro Bucoka, MOXIIMBE
3aCOJICHH:)")
except ValueError: status parts.append(f'- EC: HekopekTHe 3HaYCHHS

({ec_val})")

else: status_parts.append("- EC: nani BiacytHi")

for param_key soil, default low, default medium, display name in [
('N_ppm', 80, 150, 'Azot (N)"), ('"P_ppm', 30, 60, '®ocdop (P)"), ('K ppm', 100,
200, 'Kamii (K)")
]:
val = soil_data row.get(param_key soil)
if val is not None:
try:
nutrient_val = float(val)
if nutrient val < default low: status parts.append(f'- {display name}:
{nutrient val} ppm (Hu3zbkuii)")
elif nutrient val <= default medium: status parts.append(f"-
{display name}: {nutrient val} ppm (Cepenniii)")
else: status parts.append(f'- {display name}: {nutrient val} ppm
(Bucoxkuit)")
except ValueError: status parts.append(f'- {display name}: HexopexkTHe
3HadeHHs ({val})")

else: status_parts.append(f"'- {display name}: nani BiacyTHi")
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return "\n" + "\n" join(status_parts)

def recommend_suitable crops(soil data row, num_ recommendations=5):
if soil data row.empty: return [ {"name": "[Tmenurs o3uma", "category": "3epHoBi",

"subcategory": "3epHoBi KynbTypu", "score": 5},

nn non

{"name": "Oripku", "category": "OBoueBi", "subcategory":
"T"apOy30Bi", "score": 4} ]
ph_val =soil _data row.get('pH")
n_ppm val =soil data row.get('N_ppm')
p_ppm _val =soil data row.get('P_ppm')
k ppm val =soil data row.get('K ppm')
ec_val =soil data row.get('ec')
temp val =soil_data row.get('temperature celsius')
humidity val =soil data row.get('humidity percent')
flat db = flatten crop database()
scored crops =[]
for crop _name, params in flat db.items():
score =0
try:
if ph_wval is not None and params.get("pH_optimal"):
ph_min, ph_max = params["pH_optimal"]
current_ph = float(ph_val)
if ph_min <= current ph <=ph max: score += 3
elif (ph_min - 0.5) <= current_ph <= (ph_max + 0.5): score += 1
else: continue
for nutrient val soil, opt key db in [(n_ppm val, "N_ppm_optimal"),
(p_ppm_val, "P_ppm_optimal"), (k_ppm val, "K_ppm_optimal")]:
if nutrient val soil is not None and params.get(opt key db):
opt min_n, opt max_n = params[opt_key db]

current_nutrient = float(nutrient val soil)
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if opt min_n <= current_nutrient <= opt_max_n: score +=2
elif (opt min_n * 0.7) <= current nutrient <= (opt max_n * 1.3): score

=1

if ec_val is not None and params.get("EC_optimal"):
ec_min, ec_max = params["EC_optimal"]
current_ec = float(ec val)
if ec_min <= current_ec <= ec_max: score += 2
elif (ec_min * 0.7) <= current_ec <= (ec_max * 1.3): score +=1

elif current_ec > ec _max * 1.5: score -= 1

if temp_val is not None:
current_temp = float(temp_val)
if crop_name in ["Kapromns", "Pinak"| and current_temp > 25: score -= 1
elif crop_name in ["Tomaru (Binkputuit 1pyHt)", "Kykypynza Ha 3epHo",
"Constiiauk" ] and current temp < 15: score -= 1
if humidity val is not None:
current_humidity = float(humidity val)
if crop_name in ["Oripku"] and current _humidity < 60: score -=1
elif crop_name in ["Consitauk"| and current_humidity > 75 : score -=1
except ValueError: continue
if score > 0: scored crops.append({"name": crop name, "category":
params.get("category", "Inmie"), "subcategory": params.get("subcategory", "Iume"),
"score": score})
scored crops.sort(key=lambda x: (-x["score"], x["category"], x["subcategory"]))

return scored_crops[:num_recommendations] if scored crops else []

def get ml simplified advice(param code, predicted category raw,
current_value float, opt_min, opt_max, final crop name for encoding,

param_config):
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nmn

"""'eHepallis COPOIIEHUX TEKCTIB JIs Ta0nuLll Ha ocHOBI ML mporHo3y.
full param name_genitive = param_config.get("full name", param_code)
unit = param_config.get("unit", "")

current_display = f" {current_value float:.1f} {unit}"

optimal display = f"' {opt min:.1f}-{opt max:.1f} {unit}"

status_col2 = predicted category raw

action_col3 = f'llorounnii nokasuuk: {current display}. OnTtumaneHuii aJis

"{final crop name for encoding}': {optimal display}."

if param_code in ["N", "P", "K"]:
if predicted category raw == "Bucoka notpeba':
action col3 += f"'PekomMeHayeThCs 3HAYHO 3O01IBIIUTA BHECEHHS
{full param name genitive}."
elif predicted category raw == "Cepenns morpebda":
action col3 += f{"PexoMeHAye€ThCSI BHECTH JOJATKOBO
{full param name genitive}."
elif predicted category raw == "Hwusbka norpeba / Ontumym":
status_col2 = "PiBeHs onTumMaabHUNR"
action _col3 +="JlogaTkoBe BHECEHHS 3a3BHUYail HE MOTPiOHE."
elif predicted category raw == "Haanumiok / [lorpeOye yBaru":
status_col2 = "HeBenukuit HayIUIIOK"
action_col3 += {"VYuukaiite BHecenns {full param name genitive}."
elif predicted category raw == "3HauyHuil HaaMIIOK / 3acTepexeHHs "
status_col2 = "3nauHuii HaUTUIIIOK"
action_col3 += f'Kareropuuno HE pPEKOMEHIYETHCSI BHOCHUTHU

{full param name genitive}, MOXXJIMBa TOKCUYHICTb."

elif param_code == "pH":
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if "Kopexkrisa" in predicted category raw:
if "kucnuii" in predicted category raw.lower():
action_col3 += "PekoMmeHy€eThCsl BaTHYBaHHS. "
status_col2 = "Kucnuii rpyHT (moTpedye Kopekirii)"
elif "my>xxuuit" in predicted category raw.lower():
action_col3 += "PekoMeHIye€TbCs TIKUCICHHS IPYHTY."
status_col2 = "Jlyxauit 1pyHT (oTpedye Kopekiii)"
elif predicted category raw == "OntumanbHuii":
action col3 += "Kopexkuist pH He norpidxa."
status_col2 = "KucnoTHicTh onTUMaibHa"
else:

action_col3 += "OmuiHiTh He0OX1aHICTh KopekIlii pH."

elif param code == "EC":
if predicted category raw == "Bucoka norpeba" or predicted category raw ==
"Hu3zbka notpeda:
status_col2 = "Huzbka eaexkTponpoBiHicTh"
action_col3 += "3na4yeHHs 3aHaaTO HU3bKE. PEeKOMEHIy€eThCSl BHECTH 10OpUBa
a00 MOKpAIIUTH OpPraHiyHe KUBJICHHS."
elif predicted category raw == "Husbka norpebda" or predicted category raw ==
"OntumainpHa":
status_col2 = "ExexTponpoBiJHICT ONTUMaIbHA"
action_col3 +=")Xusnenns B mexax Hopmu. [lomaTkosi aii He mOTpiOHI."
elif predicted category raw == "Haanumiok / [lorpeOye yBaru":
status_col2 = "Bucoka enexTponpoBiaHICTh"
action_col3 +="PexoMeHIyeThCsl 0OMEXHUTH 10OprBa. MOXITMBE HAKOMTUYCHHS
coJieit."
elif predicted category raw == "Bucoka / 3actepexxeHHs":

_n

status_col2 = "Jly>xe BUCOKa €JIeKTPONpPOBIIHICTh"
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action_col3 += "PexoMeHIy€eThCSI MPOMUBAHHS IPYHTY. € pU3HUK 3aCOJICHHS 200
TOKCUYHOCTI."
else:

action_col3 += "MoxnuBa nmotpeda y Kopekirii."

return status_col2, action_col3

def get ml prediction for parameter(param_code, crop name query, current value,
db flat):

model key = f"{param code.lower()} model"

need encoder key = f"{param code.lower()} need encoder"

crop_encoder shared = ML COMPONENTS.get("crop encoder shared")

error_status_prefix = "Ilomunka ML"

if not ARE ALL MODELS LOADED: return error_status prefix, "ML
KOMITOHEHTHU HE 3aBaHTaKeHi."
if not crop_encoder shared: return error status prefix, "KomyBanbHUK KyJIbTyp HE
3aBaHTAKECHUIL."
if not ML COMPONENTS.get(model key): return error_status prefix, f"Monenb
s {param_code} He 3aBaHTa)keHa."
if not ML COMPONENTS.get(need encoder key): return error status prefix,

f"KonyBansHuk notped 11t {param_code} He 3aBaHTaKeHUU."

final crop name for encoding = crop name query
if crop_name_query not in crop_encoder_shared.classes :
cleaned name = crop_name_query.split('(')[0].strip()
if cleaned name in crop_encoder shared.classes_:
final crop name for encoding = cleaned name
else: return f"'Kynerypa HeBimoma", f'Kynsrypa '{crop name query}' He Bimoma

mozaeni."
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if final crop name for encoding not in db_flat:
return f"'ani BigcytHi", f'Kynerypa '{final crop name for encoding}' ne

3HaiaeHa B 0as3i qanux."

param_config = parameters_to train config.get(param code)
if not param_config: return f'Kougir Biacytniit", f'"Hemae xondirypamii nms

napamMerpa {param_code}."

optimal key db = param config["optimal key"]
if optimal key db notin db flat[final crop name for encoding]:
return f'Ont. nani BigcyTH1", f'"HeMmae ontumansuux nanux '{optimal key db}'

st '{final crop name for encoding}'."

opt_min, opt max = db_flat[final crop name for encoding][optimal key db]

if current value is None: return f'3nauenns BiacytHe", "lloTouHe 3HAYEHHS HE
HaJiaHo."
try: current_value float = float(current value)
except (ValueError, TypeError): return f'Hexopektne 3nHau.", f'HekopekThe

3Ha4yeHHs: '{current value}'."

try: crop_encoded val =
crop_encoder shared.transform([final crop name for encoding])[0]
except ValueError: return f'KomgyBanus kynsrypu", f'He Bmamocs 3akomyBatu

'"{final crop name for encoding}'."

current key model = param_config["current key"]
optimal min_key model = f"'{param code} optimal min"

optimal max_key model = "' {param_code} optimal max"
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features df = pd.DataFrame([[crop _encoded val, current value float,
float(opt_min), float(opt max)]],
columns=["crop name encoded", current key model,
optimal_min_key model, optimal max_key model])
model = ML COMPONENTS[model key]
need encoder = ML COMPONENTS[need encoder key]

try:
prediction _encoded = model.predict(features df)
predicted category raw =
need encoder.inverse transform(prediction encoded)[0]
status _col2, action col3 = get ml simplified advice(
param_code, predicted category raw, current value float,
opt_min, opt max, final crop name for encoding, param config
)
return status_col2, action_col3
except Exception as e:
print(f'Tlomunka ~ ML mporHozy s {param_code}
({final _crop name for encoding}): {e}")
return f"'Tlomuiika nporuosy", f'Ilomunka ML nnsa {param config.get('full name',

param_code)}."

def get rule based simplified advice(param code, current value float, opt min,

opt_max, final crop name for encoding, param_config):
"""T'eHeparlisi CIPOIICHUX TEKCTIB JJis TaOIUIll Ha OCHOBI mpaBuiI."""

full param name genitive = param_config.get("full name", param_code)

unit = param_config.get("unit", "")

current_display = "' {current value float:.1f} {unit}"

optimal display = " {opt_min:.1f}-{opt max:.1f} {unit}"
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status_col2 = "Cran He BU3Ha4YeHO"

action_col3 = f"llotounnii mokasuuk: {current display}. OntumanbHHIl s

"{final crop name for encoding}': {optimal display}."

if param_code == "pH":
if current_value float < opt min:
status_col2 = "Kucnuii rpynt"
action col3 += "PekomeH1yeThCs BalTHyBaHHS. "
elif current value float > opt max:
status_col2 = "JlyxHuit rpyHT"

action_col3 += "PekoMeHy€eThCS MAKUCISHHS IPYHTY."

else:
status_col2 = "KucnoTHicTh onTUMaibHA"
action_col3 += "Kopekuis pH ve norpiOxa."
elif param code == "EC":
if current_value float < opt_min:
status_col2 = "Husbka enexkTponpoBigHICTh"

action_col3 += "3Ha4yeHHs 3aHaATO HU3bKE. PEeKOMEHIy€eThCSl BHECTH 10OpUBa

a00 MOKPAIIUTH KUBJICHHS."
elif current value float > opt max * 2:
status_col2 = "Jly>xe BUCOKa eJIeKTPONPOBITHICTH"
action _col3 += "Kputuuno Bucokuil piBeHb! MoXIUBE CUIbHE 3aCOJICHHS

IPYHTY. PekoMeH1y€eThCsl MPOMUBAHHS IPYHTY Ta 0OMekeHHs 1oOpuB."

elif current value float > opt max:
status_col2 = "Bucoka enekTponpoBiAHICTE"

action_col3 +="PexoMeHyeThCsl 0OMExuTH 100prBa. MOXITMBE HAKOMTUYCHHS

cosnen."
else:
status_col2 = "ExexTponpoBigHiCTh ONTUMATHHA"

action_col3 +="PiBenb ontumMansHuil. JKuBieHHs 3a0BiIbHE."
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return status_col2, action_col3

def get fertilizer and care advice(crop name input, soil data row):
flat_db = flatten crop database()
db_crop name = crop name_input
if crop_name_input not in flat db:
clean_name = crop_name _input.split('(")[0].strip()
if clean name in flat_db: db_crop name = clean_name
else: return f"'lHdopmanis no kynsrypi **{crop_name_input}**' BincyTns B 0a3i

nTagux."

crop_info = flat db[db_crop name]

advice_markdown_ parts = []

#Tabnuiust AHani3 IpyHTY Ta peKOMEeHIalli
soil_recommendations_table rows =[]
param values from soil = {"pH": soil data row.get('pH'), "N":
soil data row.get('N_ppm'),
"P": soil data row.get('P_ppm'), "K": soil data row.get('K ppm'),
"EC": soil data row.get('ec')}

for param_code in MODEL _PARAMETERS:
current_soil val = param_values from soil.get(param code)

param_config = parameters_to_train_config.get(param_code)

param_name for column =  param config.get("full name",
param_code).replace("y (", " (").replace("icts (", "icTh (")
if param_code == "pH": param_name_for column = "Kucnotuicts (pH)"
else: param name for column = param config.get("full name",

param_code).split(" ")[0] + f' ({param_code})"
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status_col2 display = "N/A"
action_col3 display = "N/A"

ml status col2, ml action col3 = None, None
if ARE ALL MODELS LOADED and
ML COMPONENTS.get(f" {param_code.lower()} model"):
ml status col2, ml action col3 = get ml prediction for parameter(

param_code, db_crop name, current soil val, flat db

is_ ml successful = ml status col2 and ml action col3 and \
not any(err_indicator in ml_status_col2.lower() for err_indicator in
"momunka", "HeBimome", "Hemae manux", "HeMoxJuBO", "HEAOCTYMHHI1",

"BiACyTHii"])

ifis_ml_successful:
status_col2 display = ml status col2
action_col3 display =ml action col3
else:
if  current soil val 1s not None and
crop_info.get(param_ config["optimal key"]):
opt_min_rule, opt_max_rule = crop_info[param_config["optimal key"]]
try:
current_soil val float rule = float(current soil val)
rule status col2, rule action col3 = get rule based simplified advice(
param_code, current_soil val float rule, opt min_rule, opt max_rule,
db_crop name, param_config

)

status col2 display =rule status col2
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action_col3 display = rule action col3
except ValueError:
status col2 display = f"HekopekrtHi nani"
action_col3 display = f'He Bmamocs oOpoOWTH 3HaueHHS
"{current_soil val}'."
else:
status_col2 display = "Hemae manux mjis npaBuia'

action_col3 display = f"HemoxnuBo gatu nmopany."

soil recommendations_table rows.append(f'| {param name for column} |

{status_col2_display} | {action col3 display} |")

if soil_recommendations_table rows:
advice markdown_parts.append(f'### Anani3 rpyHTy Ta pekomeHaIii")
advice markdown_parts.append("| Ilapametp | Cran | PekomengoBani fii |")
advice_markdown_parts.append("|:---|:---|:---|")
advice markdown parts.extend(soil recommendations table rows)

advice_markdown_parts.append("\n---")

has_fertilizer tips = crop_info.get("fertilizer tips")

has_notes = crop info.get("notes")

#3arajabpH1 peKOMeHalli, J00puBa Ta 0COOIMBOCTI BUPOILYBaHHS
if has_fertilizer tips or has notes:

advice markdown_parts.append(f"'## 3aranbHi pekomeHanii'")

if has_fertilizer tips:
advice markdown_parts.append(f"### [{o6puBa")
advice_markdown_parts.append(crop info["fertilizer tips"])

advice markdown_parts.append("\n")
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if has_notes:
advice_markdown_parts.append(f"### Oco6nuBocTi BUpOITyBaHHS")
advice_markdown_parts.append(crop info["notes"])

advice markdown_parts.append("\n")
if not advice_markdown_parts:
return ' kynaerypu "**{db_crop name}**' nHapasi Hemae cnenudigyHUX

nopan."”

return "\n" join(advice_markdown_parts)
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JOOATOK [
Konm mporpamnoro 3aco0y cucremu aBromaruzariii aHami3y rpyHty y VS CODE s

MAallITMHHOT'O HaBYaHHS

import pandas as pd

import numpy as np

from sklearn.model selection import train_test split

from sklearn.ensemble import RandomForestClassifier

from sklearn.preprocessing import LabelEncoder

from sklearn.metrics import accuracy_score, classification_report
import joblib

import sys

import 0s

try:

from analysis logic import CROP _DATABASE as CROP _DATABASE FULL
except ImportError:

print("ITomuika: ve Baanocs imnoptyBatu CROP_DATABASE 3 analysis_logic.py.
BukopucTOBY€ThCS MIHIMaIIbHUN HAOIp 1aHuX.")

CROP _DATABASE FULL = {

"Grains": {"l[lmenunst o3uma": {"N ppm optimal": (100, 180),
"P_ppm_optimal": (40, 70), "K ppm_optimal": (100, 200), "pH_optimal": (6.0,
7.5)}5,

"Vegetables": {"Tomaru (Bimkputuii rpyHT)": {"N_ppm_optimal": (100, 150),
"P_ppm_optimal": (60, 100), "K ppm_optimal": (150, 250), "pH optimal": (6.0,
6.8)}§

}

def flatten crop db for training(db):



141

flat db = {}
for category data in db.values():
for crop _name, params in category data.items():
flat db[crop name] = params

return flat db

flat_train_db_full = flatten_crop_db_for training(CROP_DATABASE FULL)

all crop names = list(flat_train_db _full.keys())
if not all_crop names:

print("[lomunka: CROP_DATABASE He MicTUTh KyIbTyp MJiS HaBYaHHS
crop_encoder.")

sys.exit()

crop_encoder = LabelEncoder()

crop_encoder.fit(all _crop names)

parameters_to_train = {
"N": {
"optimal key": "N _ppm_optimal",
"current key": "current N ppm",
"categories": ["Bucoka morpeba", "Cepenns morpeba", "Husbka morpeda /
Ontumym", "Hagnumok / [TorpeOye yBaru", "3naunuit Hagmumok / 3actepexeHHs" |,
"unit": "ppm"
s
"P": {
"optimal key": "P_ppm_optimal",
"current key": "current P_ppm",
"categories": ["Bucoka morpeb6a", "Cepenus morpeba", "Huspka morpeba /

Ontumym", "Haamumoxk / [Torpebye yBaru", "3Haunuit Hauyiok / 3actepexeHHs" |,
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"unit": "ppm"
s
"K": {
"optimal key": "K ppm_optimal",
"current_key": "current K ppm",
"categories": ["Bucoka morpe6a", "Cepenns morpeba", "Huspka morpeda /
Ontumym", "Hamgmmoxk / [TorpeOye yBarn", "3Haununii Haymiok / 3acTepexeHHs" |,
"unit": "ppm"
s
"pH": {
"optimal key": "pH optimal",
"current_key": "current pH",
"categories": ["Hywxke xucmuii / Kopekmia", "Kucmmit / Kopekmis",
"Ontumansuuit", "Jlyxautt / Kopexuis", "lysxe myxxuuii / Kopekiisa'],
"unit": ""
s
"EC": {
"optimal key": "EC optimal",
"current_key": "current EC",
"categories": [
" Ily>xe Husbka / [lorpebye kopekiii",
"Husbka / MoxnuBa Kopekiis',
"OnTumainbHa",
"ITigBumiena / O6epexHICTh",
"Bucoxka / 3actepexxeHHs"

1,

"unit": "puS/cm"
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models_dir ="ml models"
os.makedirs(models_dir, exist ok=True)
joblib.dump(crop encoder, os.path.join(models_dir, "crop encoder shared.joblib"))

print(f'CrinsHuii crop _encoder 36epexeno. Kmacu: {list(crop encoder.classes )}")

for param_name, config in parameters to train.items():

print(f"\n--- TpenyBanus Mmozeni Ajig napamerpa: {param_name} ---")

generated data param =[]
relevant_crops_count = 0
for crop_name, params_db in flat_train _db_full.items():
if config["optimal key"] in params_db and \
isinstance(params_db[config["optimal key"]], tuple) and \
len(params_db[config["optimal key"]]) == 2:

relevant_crops_count +=1

opt_min, opt_max = params_db[config["optimal key"]]

if param_name in ["N", "P", "K"]:
scenarios = [
(opt_min * 0.5, config["categories"][0]),
(opt_min * 0.8, config["categories"][1]),
((opt_min + opt_max) / 2, config["categories"][2]),
(opt_max * 1.2, config["categories"][3]),
(opt_max * 1.5, config["categories"][4])

if param_name == "EC":
scenarios = [

(opt_min * 0.3, config["categories"][0]),
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(opt_min * 0.7, config["categories"][1]),
((opt_min + opt_max) / 2, config["categories"][2]),
(opt_max * 1.3, config["categories"][3]),
(opt_max * 2.0, config["categories"][4])

]

elif param_name == "pH":
delta = (opt_max - opt min) / 4
scenarios = [
(opt_min - 2 * delta, config["categories"][0]),
(opt_min - delta, config["categories"][1]),
((opt_min + opt_max) / 2, config["categories"][2]),
(opt_max + delta, config["categories"][3]),
(opt_max + 2 * delta, config["categories"][4])
|
else:

continue

for current_val, category in scenarios:
generated data param.append({
"crop_name": crop_name,
config["current key"]: float(current val),
f'{param_name} optimal min": float(opt min),
f'{param name} optimal max": float(opt max),
f"{param name} need category": category

1)

if not generated data param:
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print(f'I[lomunka: He 3reHepoBaHo [aHUX [OJs TPEHYBaHHS MO
{param_name}. [TepeBipte CROP_DATABASE Ta HasIBHICTh
'{config['optimal key']}'.")

continue

print(f'3naiineno {relevant crops _count} pereBaHTHUX KYJIbTyp JIS Mapamerpa
{param_name}.")

df param = pd.DataFrame(generated data param)

df param["crop name encoded"] =

crop_encoder.transform(df param["crop name"])

param_need encoder = LabelEncoder()
df param[f"{param name} need category encoded"] =

param_need_encoder.fit_transform(df param[f"{param name} need category"])

X = df param[["crop name encoded", config["current key"],
f'{param_name} optimal min", f'{param name} optimal max"]]

y =df param[f"{param name} need category encoded"]

X train, X test, y train, y test = train test split(X, vy, test size=0.3,
random_state=42, stratify=y if len(np.unique(y)) > 1 else None)

model param = RandomForestClassifier(n_estimators=100, random_state=42,
class weight='balanced")

model param.fit(X train, y_train)

if not X _test.empty:
y_pred test =model param.predict(X test)
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print(f'"Tounicte  {param_name}-mofeni Ha TECTOBIA BHOIpI:

{accuracy score(y test,y pred test):.4f}")

unique labels test = np.unique(y_test)
report_target names = [param need encoder.classes [i] for 1 in
unique_labels test if 1 <len(param need encoder.classes )]
report labels = [i for 1 in unique labels test if 1 <

len(param_need encoder.classes )]

if report_target names and report _labels:
try:
print(f'3BiT no knacudikauii 11 {param_name }-moaemi:\n",
classification_report(y test, y pred test, labels=report labels,
target names=report target names, zero division=0))
except ValueError as e:
print(f"'Tlomunika npu reneparii 3BiTy kiacudikamii s {param name}:
")
else:
print(f'"Hegocrarupo Ki1aciB y TecTOBii BHOIpI Ui {param name} Jis
MOBHOTO 3BITY.")
else:

print(f"TectoBa Bubipka st {param name} MOpOXKHs.")

joblib.dump(model param, os.path.join(models_dir,
f'{param_name.lower()} model.joblib"))
joblib.dump(param need encoder, os.path.join(models_dir,
f'{param_name.lower()} need encoder.joblib"))

print(f"Mogens Ta KoayBaJdbHUK JJIsI {param_name} 30epexeHo.")

print("\n--- [Iporiec TpeHyBaHHs Mojeiel 3aBepIieHo. ---")
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JIONATOK E

JlemoHcTparliitHuii MaTepiain
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