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JIOJATOK A

Kon naBuanHns mozeni kinacudikarii

import json

from pathlib import Path

import matplotlib.pyplot as plt
import tensorflow as tf

from tensorflow.keras import layers

PROJECT ROOT = Path(r"C:\myProjects\DiplomPlantVision")
DATASET ROOT = PROJECT ROOT / "dataset" / T"raw" /

"train val test"

TRAIN DIR = DATASET ROOT / "train"
VAL DIR = DATASET ROOT / "val"
TEST DIR = DATASET ROOT / "test"

MODELS DIR = PROJECT ROOT / "models"
MODELS DIR.mkdir (exist ok=True)

IMG SIZE = (224, 224)
BATCH SIZE = 32

SEED = 42

EPOCHS = 10

def load datasets():
train ds = tf.keras.utils.image dataset from directory (
TRAIN DIR,
image size=IMG SIZE,
batch size=BATCH SIZE,
shuffle=True,
seed=SEED,



75

val ds = tf.keras.utils.image dataset from directory (
VAL DIR,
image size=IMG SIZE,
batch size=BATCH SIZE,
shuffle=False,

test ds = tf.keras.utils.image dataset from directory(
TEST DIR,
image size=IMG SIZE,
batch size=BATCH SIZE,

shuffle=False,

class names = train ds.class names

with open(MODELS DIR / '"class names.json", "w",

encoding="utf-8") as file:

json.dump (class names, file, ensure ascii=False,

indent=2)
autotune = tf.data.AUTOTUNE
train ds = train ds.prefetch (buffer size=autotune)
val ds = val ds.cache() .prefetch (buffer size=autotune)
test ds =

test ds.cache() .prefetch (buffer size=autotune)

return train ds, val ds, test ds, class names

def build model (num classes: int):
data augmentation = tf.keras.Sequential (
[
layers.RandomFlip ("horizontal"),
layers.RandomRotation(0.1),

layers.RandomZoom (0.1),
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layers.RandomContrast(0.1),

I

name="data augmentation",

base model = tf.keras.applications.MobileNetV2 (
input shape=IMG SIZE + (3,),
include top=False,

weights="imagenet",

base model.trainable = False

inputs = tf.keras.Input (shape=IMG SIZE + (3,))
x = data augmentation (inputs)
X =

tf.keras.applications.mobilenet vZ.preprocess_ input (x)

X base model (x, training=False)

x = layers.GlobalAveragePooling2D () (x)

x = layers.Dropout (0.25) (x)
outputs = layers.Dense (num classes,
activation="softmax") (x)

model = tf.keras.Model (inputs, outputs)

model.compile (
optimizer=tf.keras.optimizers.Adam(learning rate=0
.0005),
loss="sparse categorical crossentropy",

metrics=["accuracy"],

return model

def plot history(history):
plt.figure ()
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plt.plot (history.history["accuracy"], label="train

accuracy")

plt.plot (history.history["val accuracy"],

label="validation accuracy")

dpi=200)

plt.xlabel ("Epoch™)
plt.ylabel ("Accuracy")
plt.legend()
plt.grid(True)

plt.savefig (MODELS DIR / "training accuracy.png",

plt.figure()
plt.plot (history.history["loss"], label="train loss")
plt.plot (history.history["val loss"],

label="validation loss")

def

plt.xlabel ("Epoch™)

plt.ylabel ("Loss")

plt.legend()

plt.grid (True)

plt.savefig (MODELS DIR / "training loss.png", dpi=200)

main () :
print ("TensorFlow version:", tf. version )

print ("Loading datasets...")

train ds, val ds, test ds, class names =

load datasets|()

print ("Classes:")
for index, name in enumerate (class names) :

print (index, name)

model = build model (num classes=len(class names))

best model path = MODELS DIR /

"plant disease mobilenetv2.keras"



callbacks = [

tf.keras.callbacks.EarlyStopping (
monitor="val loss",
patience=3,
restore best weights=True,

)y

tf.keras.callbacks.ModelCheckpoint (
filepath=best model path,
monitor="val loss",
save best only=True,

verbose=1,

print ("Training model...")
history = model.fit(
train ds,
validation data=val ds,
epochs=EPOCHS,
callbacks=callbacks,

print ("Evaluating on test set...")

test loss, test accuracy = model.evaluate (test ds)

print (f"Test loss: {test loss:.4f}")

print (f"Test accuracy: {test accuracy:.4f}")

model path = best model path

metrics = {
"test loss": float(test loss),
"test accuracy": float (test accuracy),

"epochs planned": EPOCHS,
"epochs trained": len(history.history["loss"]),

"image size": IMG SIZE,
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"batch size": BATCH SIZE,

"num classes": len(class names),
}
with open (MODELS DIR / "metrics.json", "w",
encoding="utf-8") as file:

json.dump (metrics, file, ensure ascii=False,

indent=2)

plot history (history)

print ("Model saved to:", model path)

print ("Metrics saved to:", MODELS DIR / "metrics.json")

if name == " main ":

main ()
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TIOJIATOK B

Kon nonaBuanHsg Mojeni kinacugikamii

import json

from pathlib import Path

import matplotlib.pyplot as plt

import tensorflow as tf

PROJECT ROOT = Path(r"C:\myProjects\DiplomPlantVision")
DATASET ROOT = PROJECT ROOT / "dataset" / T"raw" /

"train val test"

TRAIN DIR = DATASET ROOT / "train"
VAL DIR = DATASET ROOT / "val"
TEST DIR = DATASET ROOT / "test"

MODELS DIR = PROJECT ROOT / "models"

BASE_MODEL_PATH = MODELS_DIR /
"plant disease mobilenetv2.keras"
FINE TUNED MODEL PATH = MODELS_ DIR /

"plant disease mobilenetv2 finetuned.keras"

IMG SIZE = (224, 224)
BATCH SIZE = 32

SEED = 42

FINE TUNE EPOCHS = 10
UNFREEZE LAST LAYERS = 35

def load datasets():
train ds = tf.keras.utils.image dataset from directory (
TRAIN DIR,
image size=IMG SIZE,
batch size=BATCH SIZE,
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shuffle=True,

seed=SEED,

)

val ds = tf.keras.utils.image dataset from directory (
VAL DIR,

image size=IMG SIZE,
batch size=BATCH SIZE,
shuffle=False,

test ds = tf.keras.utils.image dataset from directory (
TEST DIR,
image size=IMG SIZE,
batch size=BATCH SIZE,
shuffle=False,

autotune tf.data.AUTOTUNE

train ds train ds.prefetch (buffer size=autotune)

val ds = val ds.cache() .prefetch (buffer size=autotune)
test ds =
test ds.cache() .prefetch (buffer size=autotune)

return train ds, val ds, test ds

def find mobilenet layer (model) :
for layer in model.layers:
if isinstance (layer, tf.keras.Model) and "mobilenet"
in layer.name.lower () :

return layer

raise ValueError ("MobileNetV2 base model layer was not

found.")
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def plot fine tuning history (history):
plt.figure ()
plt.plot (history.history["accuracy"], label="fine-
tuning train accuracy")
plt.plot (history.history["val accuracy"], label="fine-
tuning validation accuracy")
plt.xlabel ("Epoch™)
plt.ylabel ("Accuracy")
plt.legend()
plt.grid (True)
plt.savefig (MODELS DIR / "fine tuning accuracy.png",
dpi=200)

plt.figure ()
plt.plot (history.history["loss"], label="fine-tuning
train loss")
plt.plot (history.history["val loss"], label="fine-
tuning validation loss")
plt.xlabel ("Epoch™)
plt.ylabel ("Loss")
plt.legend()
plt.grid (True)
plt.savefig (MODELS DIR / "fine tuning loss.png",
dpi=200)

def main() :
print ("TensorFlow version:", tf. version )
print ("Loading datasets...")

train ds, val ds, test ds = load datasets()

print ("Loading base model...")

model = tf.keras.models.load model (BASE MODEL PATH)

base model = find mobilenet layer (model)
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print ("Base model layer:", base model.name)

print ("Total layers in base model:",

len (base model.layers))
base model.trainable = True

for layer in base model.layers[:-UNFREEZE LAST LAYERS]:

layer.trainable = False

for layer in base model.layers[-UNFREEZE LAST LAYERS:]:

layer.trainable = True

print (f"Unfrozen last layers: {UNFREEZE LAST LAYERS}")

model.compile (

optimizer=tf.keras.optimizers.Adam(learning rate=0
.00001),
loss="sparse categorical crossentropy",

metrics=["accuracy"],

callbacks = |

tf.keras.callbacks.EarlyStopping (
monitor="val loss",
patience=3,
restore best weights=True,

),

tf.keras.callbacks.ModelCheckpoint (
filepath=FINE TUNED MODEL PATH,
monitor="val loss",
save best only=True,

verbose=1,

print ("Fine-tuning model...")
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history = model.fit (
train ds,
validation data=val ds,
epochs=FINE TUNE EPOCHS,
callbacks=callbacks,

print ("Evaluating fine-tuned model on test set...")

test loss, test accuracy = model.evaluate (test ds)

print (f"Fine-tuned test loss: {test loss:.4f}")

print (f"Fine-tuned test accuracy: {test accuracy:.4f}")

metrics = {
"base model path": str (BASE MODEL PATH),

"fine tuned model path":

str (FINE TUNED MODEL PATH),
"test loss": float(test loss),
"test accuracy": float(test accuracy),
"fine tune epochs planned": FINE TUNE EPOCHS,

"fine tune epochs trained":

len(history.history["loss"]),
"unfrozen last layers": UNFREEZE LAST LAYERS,

"learning rate": 0.00001,
"image size": IMG SIZE,
"batch size": BATCH SIZE,

"

with open (MODELS DIR / "fine tuned metrics.json", "w

encoding="utf-8") as file:

Json.dump (metrics, file, ensure ascii=False,

indent=2)

plot fine tuning history(history)
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print ("Fine-tuned model saved to:",
FINE TUNED MODEL_ PATH)
print ("Metrics saved to:", MODELS DIR /

"fine tuned metrics.json")

if name == " main ":

main ()
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import

import
import

import

JOJATOK B
Kon peanizamii mogynsa Grad-CAM

baseoc4

io

cv2
numpy as np

tensorflow as tf

from PIL import Image

IMG SIZE = (224, 224)

def get model parts (model) :

data augmentation

model.get layer ("data augmentation")

base model = model.get layer ("mobilenetv2 1.00 224")

pooling layer

model.get layer ("global average pooling2d")

dropout layer = model.get layer ("dropout")

dense layer = model.get layer ("dense")

return data augmentation,

dropout layer, dense layer

def

make gradcam heatmap (image array,

pred index=None) :

(

)

data augmentation,
base model,
pooling layer,
dropout layer,
dense layer,

get model parts (model)

base model,
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pooling layer,

model,
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last conv_layer = base model.get layer ("Conv_ 1")

inputs = tf.keras.Input (shape=IMG SIZE + (3,))

x = data augmentation (inputs, training=False)
X =

tf.keras.applications.mobilenet v2Z.preprocess input (x)

feature extractor = tf.keras.Model (
inputs=base model.input,
outputs=|
last conv_ layer.output,

base model.output,

conv_outputs, x = feature extractor (x)

x = pooling layer (x)

X dropout layer (x, training=False)

predictions = dense layer (x)
grad model = tf.keras.Model (

inputs=inputs,

outputs=[conv outputs, predictions],

with tf.GradientTape () as tape:

conv_outputs, predictions = grad model (image array)

if pred index is None:

pred index = tf.argmax(predictions[0])

class channel = predictions[:, pred index]

gradients = tape.gradient (class channel, conv_outputs)
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pooled gradients = tf.reduce mean(gradients, axis=(0,
1, 2))
conv_outputs = conv_outputs[0]
heatmap = conv outputs @ pooled gradients|[...,

tf.newaxis]

heatmap tf.squeeze (heatmap)

heatmap = tf.maximum(heatmap, 0)

max value = tf.reduce max (heatmap)

if max value == O:

heatmap tf.zeros like (heatmap)
else:

heatmap = heatmap / max value

return heatmap.numpy ()

def create gradcam base64 (original image: Image.Image,
heatmap, alpha=0.4) -> str:
original image =
original image.convert ("RGB") .resize (IMG SIZE)

original array = np.array(original image)

heatmap = cv2.resize (heatmap, IMG SIZE)

heatmap = np.uint8 (255 * heatmap)

heatmap color = cv2.applyColorMap (heatmap,
cv2.COLORMAP JET)
heatmap color = cvZ.cvtColor (heatmap color,

cvZ2.COLOR_BGR2RGB)

superimposed = heatmap color * alpha + original array
superimposed = np.clip(superimposed, 0,

255) .astype (np.uint8)
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result image = Image.fromarray (superimposed)

buffer = io.BytesIO()

result image.save (buffer, format="PNG")

image base64 =

baseb6b4.bb6dencode (buffer.getvalue()) .decode ("utf-8")

return f"data:image/png;base64, {image base64}"
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JTOJATOK T

Kon FastAPI-cepBicy iHTeNEKTyaabHOI J1arHOCTUKH

import json

from pathlib import Path

import numpy as np
import tensorflow as tf

from fastapi import FastAPI, File, Form, HTTPException,

UploadFile

from fastapi.middleware.cors import CORSMiddleware
from PIL import Image

from app.gradcam import create gradcam base64,

make gradcam heatmap

from app.recommendations import get recommendation

PROJECT ROOT = Path(r"C:\myProjects\DiplomPlantVision")
MODEL PATH = PROJECT ROOT / "models" /

"plant disease mobilenetv2 finetuned.keras"

CLASS NAMES PATH = PROJECT ROOT / "models" /

"class names.json"

IMG SIZE = (224, 224)

app = FastAPI (
title="Plant Disease Diagnosis API",

description="API oJjs O01aTHOCTUKU biTomaToJsorim

IaCJILOHOBUX KyJIbTypP",

version="1.0.0",

app.add middleware (
CORSMiddleware,
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allow origins=["*"],

allow credentials=True,

allow methods=["*"],
allow headers=["*"],
)
def load class names() —-> list([str]:

if not CLASS NAMES PATH.exists():
raise FileNotFoundError (f"Class names file not

found: {CLASS NAMES PATH}")

with open (CLASS NAMES PATH, "r", encoding="utf-8") as
file:

return json.load(file)

def load model():
if not MODEL PATH.exists():
raise FileNotFoundError (f"Model file not found:

{MODEL_ PATH}")

return tf.keras.models.load model (MODEL PATH)

class names = load class names ()

model = load model ()

def preprocess image (image file) -> tuple[np.ndarray,
Image.Image] :
try:
image = Image.open(image file) .convert ("RGB")

resized image = image.resize (IMG SIZE)
image array = np.array(resized image,
dtype=np.float32)

image array = np.expand dims(image array, axis=0)

return image array, image
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except Exception as error:
raise HTTPException (
status code=400,
detail=f"He Bmajocs oB0pobuTy 30OpPaXeHHS:

{error}",

@app.get ("/health")
def health check():
return {
"status": "ok",
"model loaded": model is not None,

"classes count": len(class names),

@app.post ("/predict")
async def predict (

file: UploadFile = File(...),
temperature: float | None = Form(None),
humidity: float | None = Form(None),
) @
if not file.content type or not

file.content type.startswith("image/"):
raise HTTPException (
status code=400,

detail="¢ann Mmae OyTu 300paxeHHsaM.",

image array, original image =
preprocess image (file.file)

predictions = model.predict (image array)

predicted index = int(np.argmax (predictions[0]))

confidence = float (predictions[0] [predicted index])

class name = class names|[predicted index]



recommendation = get recommendation (
class name,
temperature=temperature,
humidity=humidity,

)

heatmap = make gradcam heatmap (
image array,
model,

pred index=predicted index,

gradcam image = create gradcam base64 (

original image,

heatmap,

)

return {
"class name": class name,
"culture": recommendation["culture"],
"disease": recommendation["disease"],
"status": recommendation["status"],
"description": recommendation["description"],
"confidence": confidence,
"confidence percent": round(confidence * 100,
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2),

"recommendation”": recommendation["recommendation"],

"gradcam image": gradcam image,
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TIOJIATOK ]I

Kon monyns pekoMmennaiiiit

RECOMMENDATIONS = {

"Potato Early blight": {

"culture": "Kapronmna",

"disease": "AnbTepnapios",

"status": "diseased",

"description": "BuABJEHO O3HaAKM PAHHLOI NJIAMMCTOCTI
kapromnyui.",

"recommendation”: (

"PeKOMEHIOYETHCSA BUIAJIUTU ypPaxeHe JIMCTS, YHUKATU
HazgMipHoTO "
"3BOJIOXEHHS TPYHTY Ta 3abes3sneuuTr ITOCTAaTHI
UMpkyJigauio noiTpsa. "
"3a HeobOxipgHocTi crnipm 3acTocyBaTy QYHITIiOMIOHIL
3acobu BimnomimHo "
"mo iHcTpykuii BUpoOOHUKA."
)
b
"Potato  Late blight": {
"culture": "Kapronna",
"disease": "diTodTOpPOZ3",
"status": "diseased",
"description": "BusaBJeHO O3Haku OQiTodTOpO3Yy
kapromnmi.",
"recommendation": (
"PeKOMEHIOYETHCSA 130J0BATM YpPaxeH1 pPoOCIMHM,
BUIOAJIMTU I[IOWKOIXeHi1 "
"yaCcTMHM Ta SBMEeHIMTM BOJIOTiCcTb Yy B30HIi
BUpPOmYyBaHHg. HdouijgbHo "
"nporecTu OOPOOKY IO3BOJIeHMMM OyHTinmmamm. "
)
}y
"Potato  healthy": {
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"culture": "KapTomnsa",
"disease": "3pmopoBum crTanH",
"status": "healthy",
"description": "OsBHak 3axBOPKBaHHA KapTOIUIl He
BMABJIEHO.",
"recommendation": (

"PeKOMEHIOYETHCA NPOIOBXYBATM PETYJISAPHUN OTJAN
pociuHM, "
"KOHTPOJIOBATM PeXuM I[OJMBY Ta YyHUKATH
[Iepes3BOJIOXEeHHA . "
),
by

"Tomato Bacterial spot": {
"culture": "Tomat",
"disease": "BakTepianbHa njaaMmMmucTicTte",
"status": "diseased",
"description": "BusaBJIeHO O3HakKM OakTepiasbHOIL

njJaMmMcTocTi ToMaTy.",
"recommendation": (
"PeKOMEHIYETHCSA BUIAJNUTM ypaxeHe JIMCTS, YHUKATU
norpanysgaHHg soou "
"Ha JIMCTKOBY IIOBEPXHIO Ta 3abe3neuuTu
NpoBiTpioBaHHA. Bapto "
"DoTPpUMYyBaTUCh CaHlTapHMX 3axonis 1 He
BUKOPUCTOBYBaATM 3apaxeHum "
"pocHuMHHUM MaTepiag."
),

}y
"Tomato Early blight": {

"culture": "Tomatr",
"disease": "AnbTepHapioz",
"status": "diseased",
"description": "BugaBJeHO O0O3HakKM aJibTepHapiosy

TomMaty.",

"recommendation": (
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"PeKOMEHIOYETHCSA BUIAJUTY YpPaxeHl YaCTUHU
pociuHM, 3MeHmMTy "
"KOHTAKT JIMCTS 3 BOJIOI'MM IPyHTOM 1 3BabesneumTu
mocraTH "
"BeHTWIIAL10. 3a noTpedM MOXIMBE 3aCTOCYBaHHS
byuriumgis."
)I

by
"Tomato Late blight": {

"culture": "Tomat",
"disease": "diTOodTOPOZ",
"status": "diseased",
"description": "BugBJIEHO O3Haku OQiTodTOpO3Yy
TomMaTry.",
"recommendation™: (

"PeKOMEHIOYETHCS WBUINKO BUIAJIUTU yPaxXeH1 JuUCTKU,
yHukaTtu "
"Iepes3BOJIOXEHHSA Ta 3abesNneumuTy IPOB1TPIOBAHHS.
Y pasi nommpeHHs "
"cuMnTOM1iB Cnin npoBecTM QYHTiuMOHY oOOpobOky."
)
by
"Tomato Leaf Mold": {
"culture": "TomaT",
"disease": "JlmcrxkoBa mnjgicHarpa',
"status": "diseased",
"description": "BuaBJieHO O3HaKM JIMCTKOBOIL IIJI1CHABM
TomMaty.",
"recommendation": (
"PeKOMEHIOYyETbCS 3HUBUTUM BOJIOT'iCTHL NOBiTpHA,
NoKpammMTy BeHTunsarino "
"Ta YyHMKATM 3aryIeHHd [IOCaIoK. YpaxXeHe JIUCTH
ciainm BupmanmuTm."
)
s

"Tomato Septoria leaf spot": ({
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"culture": "TomatT",
"disease": "CenrTopioszs mwucTtsa",
"status": "diseased",
"description": "BUABJIEHO O3HAKM CeENTOP1i03y JMCTH
TomMatry.",
"recommendation": (
"PeKOMEHIOYETHCSA BUIOAJIUTU ypPaxeHe JIMCTS, YHUKATU
[IOJIMBY IO JIUCTIO "
"Ta npubOpaTM POCHAMHHI pemTKM. 3a norpedbu ciuin
3acTocyBaTu "
"zaxmcHy OOpoOKy."
)
b
"Tomato Spider mites Two spotted spider mite": ({
"culture": "Tomat",
"disease": "llaByTuMHHUM kJjim",
"status": "diseased",
"description": "BuaBJIeHO OBHAKM YPaXeHHS MNaBYTUHHUM
kjaimem. ",
"recommendation": (
"PeKOMEHIOYETbHCSA OIJIAHYTM HMXHIO CTOPOHY JIMCTKI1B,
BUOAJIUTU CUJIBHO "
"ypaxeHl uYacTMHM Ta 3a [IoTpedbM BacTocyBaTH
BimnosigHi macobu "
"nmporu kJimis."
)
}y
"Tomato Target Spot": ({
"culture": "Tomatr",
"disease": "llinboBa njgaMmmcTicTn",
"status": "diseased",
"description": "BuSBJIEHO O3HAKM L1JILOBOI MJISAMMCTOCTI1
TomMaty.",
"recommendation": (
"PeKOMEHIOYETHLCH BUIAJIUTU YPaxeHl JMCTKU,

"

IIOoKpammMTM BeHTI/LJ'[FILI,iIO
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"Ta KOHTPOJIOBATM BOJIOTiCTH. 3a HeobximHOoCTi
MOXJIMBE 3aCTOCyBaHHA "
"dyuriuugis."
)I
}I

"Tomato Tomato YellowLeaf Curl Virus": ({
"culture": "Tomat",
"disease": "BipycCc XOBTOI'O CKpyudyBaHHA JiMcTa"
yay r
"status": "diseased"
14
"description": "BuABJEHO OBHAKM BipyCy XOBTOTIO

CKpy4YyBaHHA JIMCTA ToMaTy.",
"recommendation": (
"PeKOMEHIOYyETbCHA 130JI0BaATU YpPaxeHY POCIMUHY,
KOHTPOJIOBATKU KOoMax—"
"IIEepEeHOCHUKIB Ta BUKOPUCTOBYBATM 3OOPOBUN
nocamkoBuM marTepiai. "

"CUJIBHO YpaxeHl POCJAMHM HOOL1JIbHO BUOaJAUTK."

)
b
"Tomato Tomato mosaic virus": {
"culture": "TomatT",
"disease": "BipycC TKOTIOHOBOI MO3aikm ToMaTy",
"status": "diseased",
"description": "BuMSABJIEHO O3HaKM MO3aIlUHOI'O BipyCHOTO
YypPaxeHHd ToMmaTty.",
"recommendation": (
"PeKOMEHIOYETbCS BUIOAJUTM YpaxeHl pocamHu,
ne3indbikyBaTu iHCTpyMeHTU "
"Ta YHMKATK MexaHluHOTO nepeHeceHHsS 1iHpexuii
Mix pocamHamm. "
)
}y
"Tomato healthy": {
"culture": "Tomat",
"disease": "3mopoBum cran",

"status": "healthy",
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"description": "Os3Hak 3axXBOPKOBAaHHS TOMaTy He
BUABJIEHO.",
"recommendation": (
"PeKOMEHOYETHCA NinTpuMyBaTH 30aJIaHCOBAHMM PEXUM
nonmey, "
"3a0e3neunTy OOCTATHE OCBlTJIEHHS Ta pPeryJiaspHO
oryamaTy POCIMHY."

) »
by

def add environment notes (
recommendation: str,
temperature: float | None = None,
humidity: float | None = None,

) —> str:

notes = []

if humidity is not None:
if humidity >= 80:
notes.append (
"3a BBeIeHMMM I[apaMeTpaMM BOJIOT'iCTb €

nigeumeHon. Taki ymoBu "

"MOXYTE CIHOPUATU PO3BUTKY TI'PUOKOBUX

3aXBOPKOBaAHE, TOMY BaApTO

"MoKpaMTY BEHTUIIAL10, YHMKATU I[IOJMUBY II0

JIMCTIO Ta He IOOIIyCKaTlMn

"TPUBAJIOTO BBOJIOXEHHS JIMCTKOBOI NoBepxHi."

)
elif humidity <= 35:
notes.append (

"3a BBeIeHMMM I[apaMeTpaMM BOJIOT'iCTb €

"

SHUXEeHOKn. e Moxe

"mocunwBpaTM CTpeCc POCJMHU, TOMY

"

PEKOMEHIOYETBECHA KOHTPOJIIOBATU
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"peryJapHiCTE IMOJIMBY Ta HE OONyCKaTHU

[IepeCuxaHHa I'PyHTY."

)

if temperature is not None:
if temperature >= 30:
notes.append (
"TeMIlepaTypa € NiIBMIIEHOK, WO MOXEe CTBOPOBATH
nonarkosumm "
"cTpec IJjig pPOoCHAMHM. JOU1JIBHO YHMKATU IIOJIUBY
B HawmcnexorTHimi "
"TomuHM Ta 3abesneunTy CTaO1lJIbBHUM pPeXmuM
3BOJIOXEHHA . "
)
elif temperature <= 10:
notes.append (
"TeMIepaTypa € 3HMWXEHOH, WO MOXe
crioBisbHIOBATM picT pocamHU "
"Ta 11 BiIOHOBJIEHHS Iicyisa ypaxeHHs. Bapto
YVHUKATU Piskux "
"TeMIepaTypPHUX KOJMBAHL 1 BabezmneumTy O1iJbl
crabinpui ymoBu "

"BupomyBaHHS . "

if notes:
return recommendation + "\n\nJomaTKOBO 3 ypaxyBaHHAM

napamMeTpire cepemoBuma: " + " ".join(notes)

return recommendation

def get recommendation (
class name: str,
temperature: float | None = None,
humidity: float | None = None,

) —-> dict:
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result = RECOMMENDATIONS.get (
class name,

{

"culture": "Hemigomo",
"disease": class name,
"status": "unknown",
"description": "Onmc mygg UObOTO KJACY
BimcyTuinm.",
"recommendation": "PekOoMeHIOyeTbCH 3BEPHYTUCHS IO

baxiBug IOJjiga yTOUYHEHHsS CTaHYy POCJAMHHK.",

b
) .copy ()

result["recommendation"] = add environment notes(
result["recommendation"],
temperature=temperature,

humidity=humidity,

return result
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TIOJIATOK E

Kon Be63actocynky ASP.NET Core MVC

E.1 — xox Program.cs

using Microsoft.EntityFrameworkCore;

using PlantVisionWeb.Data;
var builder = WebApplication.CreateBuilder (args):;
// Add services to the container.

builder.Services.AddControllersWithViews () ;

builder.Services.AddDbContext<ApplicationDbContext> (option

s =>
options.UseSglite ("Data Source=plantvision.db"));
var app = builder.Build():;
// Configure the HTTP request pipeline.
if (lapp.Environment.IsDevelopment ())
{
app.UseExceptionHandler ("/Home/Error") ;
// The default HSTS value is 30 days. You may want to
change this for production scenarios, see

https://aka.ms/aspnetcore-hsts.
app.UseHsts () ;

app.UseHttpsRedirection () ;

app.UseStaticFiles () ;

app.UseRouting () ;

app.UseAuthorization() ;
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app.MapControllerRoute (

name: "default",
pattern: "{controller=Home}/{action=Index}/{1id?}");
app.Run() ;

E.2 — xox HomeController.cs

using System.Diagnostics;

using Microsoft.AspNetCore.Mvc;

using PlantVisionWeb.Data;

using PlantVisionWeb.Models;

namespace PlantVisionWeb.Controllers

{

public class HomeController : Controller

{

private readonly ILogger<HomeController> logger;

private readonly ApplicationDbContext context;

public HomeController (
ILogger<HomeController> logger,

ApplicationDbContext context)

_logger = logger;

_context = context;

public IActionResult Index()
{

return View () ;

public IActionResult Result ()
{



return View () ;

public TIActionResult History()
{
var results = context.DiagnosisResults
.OrderByDescending (x => x.CreatedAt)
.ToList ()

return View (results);

public IActionResult Privacy()
{

return View () ;

[HttpPost]
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public async Task<IActionResult>

SaveDiagnosis ([FromBody] DiagnosisResult result)
{
if (result == null)
{

return BadRequest () ;

result.CreatedAt = DateTime.Now;

_context.DiagnosisResults.Add (result);

awailt context.SaveChangesAsync();

return Json (new { success = true, id = result.

Id



[ResponseCache (Duration = 0, Location
ResponseCachelocation.None, NoStore = true)]

public IActionResult Error()
{

return View (new ErrorViewModel

{
RequestId = Activity.Current?.Id

HttpContext.Traceldentifier
b))

E.3 — kox DiagnosisResult.cs

using System;

namespace PlantVisionWeb.Models

{

public class DiagnosisResult

{
public int Id { get; set; }
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public string Culture { get; set; } = string.Empty;

public string Disease { get; set; }

string.Empty;

public string Status { get; set; } = string.Empty;

public double ConfidencePercent { get; set; }

public string Description { get; set;

string.Empty;
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public string Recommendation { get; set; } =

string.Empty;

public string? ObservationDate { get; set; 1}

public double? Temperature { get; set; }

public double? Humidity { get; set; }

public string ImageData { get; set; } =
string.Empty;

public DateTime CreatedAt { get; set; )=

DateTime.Now;

}

E.4 — xon ApplicationDbContext.cs

using Microsoft.EntityFrameworkCore;

using PlantVisionWeb.Models;

namespace PlantVisionWeb.Data
{
public class ApplicationDbContext : DbContext
{
public ApplicationDbContext (
DbContextOptions<ApplicationDbContext> options

) : base (options)

public DbSet<DiagnosisResult> DiagnosisResults {

get; set; 1}
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TIOJIATOK K

Kon cTopiHOK KOpUCTYBAIbKOTO IHTEPPENCY
XK.1 —kox Index.cshtml

@f

ViewData["Title"] = "IOiarhHoctuka';

<div class="header">
<div class="header-left">
<div class="logo"> ¢ </div>
<div>
<div class="app-name">PlantVision</div>

<div class="app-sub">MoHiTOpMHI GiTONaTOJOTiN
MacJbOHOBUX KyJIbTyp</div>

</div>

</div>

<div class="header-right">

<a class="history-1link" href="/Home/History">
IcTopia nepeBipok
</a>
</div>

</div>
<div class="main-container">

<div class="side-block">
<h3>Bubip kyabTypu</h3>

<p>06epiTh KYyJIbTYPY IJIS aHajlizy</p>

<div class="plant-list">

<label class="plant-item">
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<input type="radio" name="culture"
value="Tomato" />
<span> @ Tomar</span>

</label>

<label class="plant-item">

<input type="radio" name="culture"
value="Potato" />
<span> Kapronna</span>
</label>
</div>
<label class="form-label">IIaTa

crocrepexeHHa</label>
<input class="form-input" type="date"

id="dateInput" />

<p>HeoboB’ a3k0Bi maHi oJidg YTOUHEHHS

pekoMeHTmauin</p>

<label class="form-label">TemMmnepatrypa, _C</label>
<input class="form-input" type="number"

id="temperaturelInput" placeholder="Hanpukiaan, 24" step="1" />

<label class="form-label">BomoricrTe, $</label>

<input class="form-input" type="number"
id="humidityInput" placeholder="Hanpuxnazn, o" min="0"
max="100" step="1" />

</div>
<div class="upload-block">
<h2>3aBaHTaxeHHsa 300paxeHHsa</h2>

<p>3aBaHTaxTe GOTO JIMCTKA POCHAMHM IJIS aHanisy</p>

<div class="upload-area" id="uploadArea">
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<input type="file" id="fileInput"

accept="image/*" hidden />

<div id="uploadText">
HaTucHiTE IJiS 3aBaHTaxeHHs abo IepeTAarHiTh
bann coam
<br />
<span>IigrpuMmyioTscs dopmaTt JPG, JPEG,
PNG</span>

</div>

<img id="previewImage" class="preview-image"
style="display:none;" />

</div>

<button class="secondary-btn" type="button"
onclick="document.getElementById('fileInput') .click()">
Obpatu dann

</button>

<diwv id="errorBox" class="error-box"

style="display:none;"></div>

<button class="main-btn" type="button"
onclick="validateForm() ">
AHanisyBaTU
</button>

<div class="tip">
<strong>llopama:</strong><br />
IO TouHimol »JiarHOCTUKM BUKOPUCTOBYMUTE uUiTke
boTOo JMCTKA HOPM XOPOUOMY OCBI1TJIEHHI.
JMcTok Mae szamMaTy O1iJblly YacTMHY KaIpy .
</div>

</div>
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<div class="side-block">
<h3>PesynbTar aHanizsy</h3>
<p id="resultHint">TyT 3’ 4BUTHECSH KOPOTKMM PEe3yJbTaT

nicmns ananisy</p>

<div id="quickResult" class="result-placeholder">
Ve
</div>

</div>

</div>

<div class="footer">
<div class="footer-header">
<h3>3aranvHi pexomenmanii</h3>
<p>BazoBi mnopamu Ogg Oi1OTPUMKM 3IO0POBOIO CTAaHY
pocauu</p>

</div>

<div class="footer-content">
<div class="footer-col">
<h4> Nonmmus</h4>
<p>YHuUKamrTe [IepPEe3BOJIOXEHHS TPYHTY Ta
[NOTPAIJISHHA BOIM Ha JmcTa.</p>

</div>

<div class="footer-col">

<h4> OcBiTyeHHAa</h4>
<p>3abesneuTe IJOCTATHE OCBIiTJIEHHS Ta YyHUKaANWTE
Pi3KMX 3M1iH yMOB BMPOIyBaHHS.</p>

</div>

<div class="footer-col">

<h4> & Orman</h4>



<p>PeryjsgpHO Ie€peBipaNTe JMUCTH
nisaM, Iebopmauiy abo 3MiHM koJIbOpPy.</p>
</div>
</div>

</div>

@section Scripts {
<script>

let selectedFile = null;

const fileInput
document.getElementById("fileInput") ;

const uploadArea
document.getElementById ("uploadArea") ;

const previewImage
document.getElementById ("previewImage") ;

const uploadText
document.getElementById ("uploadText") ;

const errorBox

document.getElementById ("errorBox") ;
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Ha HASBHI1CTDH

uploadArea.addEventListener ("click”™, function () {
fileInput.click();
})
fileInput.addEventListener ("change", function
(event) {
const file = event.target.files[0];
handleSelectedFile(file);
}) g
uploadArea.addEventListener ("dragover", function
(event) {

event.preventDefault () ;

uploadArea.classList.add ("upload-area-

active");



1)

uploadArea.addEventListener ("dragleave",

active");

P

uploadArea.addEventListener ("drop",

(event) {

active");

1)

uploadArea.classList.remove ("upload-area-

event.preventDefault () ;

uploadArea.classList.remove ("upload-area-

const file = event.dataTransfer.files[O0];

handleSelectedFile (file) ;

function handleSelectedFile(file) {

300paxeHHa.") ;

if (!file) |

return;

if (!file.type.startsWith("image/")) {

showError ("Bynob Jlacka, 3aBaHTaxTe

return;

selectedFile = file;

const reader = new FileReader();

reader.onload = function (e) {

previewImage.src = e.target.result;

previewImage.style.display = "block";
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function

function

dbann
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uploadText.style.display = "none";

hideError () ;

}s

reader.readAsDataURL (file);

async function validateForm() {
const culture =
document.querySelector ('input [name="culture"] :checked');
const date =

document.getElementById ("datelInput") .value;

const temperature =
document.getElementById ("temperaturelnput") .value;

const humidity =

document.getElementById ("humidityInput") .value;

if ('culture && !selectedFile) {
showError ("Bynp Jlacka, o0epiTh KyJIbTYPY Ta

3aBaHTaxre ¢oro.");

return;
}
if ('culture) {
showError ("Bynob Jlacka, obepiThb
KyJnbTYpPY.") ;
return;
}
if (!selectedFile) {
showError ("Bynob Jacka, 3aBaHTaxTe doTo
aucTtka.");

return;
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if (temperature !== "" && (Number (temperature)

< =10 || Number (temperature) > 60)) {

showError ("Temneparypa mMae OyTM B MeXax Bin

-10 mo 60 °C.™);

return;

if (humidity !== "" && (Number (humidity)
Number (humidity) > 100)) {

<0 |

showError ("BojioricTe Mae OyTM B MexXax B1I

O mo 100%."™);

return;

hideError () ;

const quickResult
document.getElementById ("quickResult") ;
const resultHint

document.getElementById ("resultHint");

resultHint.style.display = "none";
quickResult.classList.remove ("result-
placeholder™);
quickResult.innerHTML =
<h3>BukoHyeTbCA aHajisz...</h3>
<p class="muted">3auekamnre,

obpobisge 300paxeHHs.</p>

4

const formData = new FormData();

formData.append("file", selectedFile);

if (temperature !== "") {
formData.append ("temperature",

temperature) ;

MOIOEJIb
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if (humidity !== "") {
formData.append ("humidity", humidity);
}
try |
const response = await
fetch ("http://127.0.0.1:8000/predict", {
method: "POST",
body: formData

)

if (!response.ok) {

throw new Error ("He Bmanocsa oOTpuUMAaTHU

pe3yyabTaT aHajuiszy.");

const result = await response.json();

const selectedCultureName = culture.value
=== "Tomato" ? "Tomatr" : "Kapronmnsa";

if (result.culture ==

selectedCultureName) {
resultHint.style.display = "none";
gquickResult.classList.remove ("result-
placeholder"™) ;
quickResult.innerHTML =
<h3> A HeBpignoBimHicTh
KyJIbTypu</h3>
<p>0Ob6paHa KyJIbTypa He Bimnorimae

3aBaHTaXeHOMy 300paxeHHn.</p>

<p><strong>Bu obpann:</strong>

${selectedCultureName}</p>
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<p><strong>Mozeb
BM3Haumia:</strong> ${result.culture}</p>
<p class="muted">Bynb Jacka,

rnepeBipre NPaBUIIBHICTE BUOOPY KYyJbTYypHU.</p>

~

.
14

return;
}
const imageBase64 = await
fileToBase64d (selectedFile) ;
const diagnosisData = {

image: imageBase64,

gradcamImage: result.gradcam image,

culture: selectedCultureName,

date: date,

temperature: temperature,

humidity: humidity,

className: result.class name,

disease: result.disease,

status: result.status,

description: result.description,

confidencePercent:
result.confidence percent,

recommendation: result.recommendation

}s

localStorage.setItem("lastDiagnosisResult",

JSON.stringify(diagnosisData));

const statusText = result.status ===

"healthy"
2 "@® 3nopose"

: "@ YpaxeHe 3axBOpoBaHHAM";
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~

quickResult.innerHTML =

<h3>PesynbTaT aHamizsy</h3>

<p><strong>Crau:</strong>
S{statusText}</p>

<p><strong>BneBHeHicTb:</strong>
${result.confidence percent}%</p>

<button class="main-btn small-btn"
type="button" onclick="goToDetailedResult()">

JeTanbHUY pesyJsbTaT

</button>

}

catch (error) {
showError (error.message) ;
quickResult.innerHTML = " ¢ ";

gquickResult.classList.add("result-

placeholder") ;
resultHint.style.display = "block";
}
}
function fileToBaseo4d (file) {
return new Promise((resolve, reject) => {
const reader = new FileReader();
reader.onload = function (event) {
resolve (event.target.result);
}i
reader.onerror = function () {
reject (new Error ("He Bmajocsa 3UuMTaTH
300paxeHHs. ")) ;

}s

reader.readAsDataURL (file) ;



119

function goToDetailedResult () {

window.location.href = "/Home/Result";

function showError (message) {
errorBox.innerText = message;

errorBox.style.display = "block";

function hideError () {
errorBox.innerText = "";
errorBox.style.display = "none";

}

</script>

K.2 — kox Result.cshtml

@{

ViewData["Title"] = "IeTanbHuUM pe3’yjabTatT";

<div class="header">
<div class="header-left">

<div class="logo"> ¢ </div>

<diwv>
<div class="app-name">PlantVision</div>
<diwv class="app-sub">leTanbHuUM pesyJbTaT

niarsocTukmu</div>
</div>

</div>
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<div class="header-right">
<a class="history-link" href="/">HoBa
nepeBipka</a>
</div>

</div>

<div class="result-page">

<div class="result-image-block">

<h3>3aBaHTaxeHne 300paxeHHa</h3>

<img id="resultImage" class="image-preview" />

<div id="gradcamBlock" class="gradcam-block">

<h3>llogcHeHnHsa pimeHHa Momesi</h3>

<img id="gradcamImage" class="image-preview"
/>

<p class="muted">

TemnyioBa kapTa [IoKalye IOijgHKM 300paxeHHS,

Akl Hambijblie BIJMHYJIM Ha PlIIEHHS MOIeJIi.

</p>

</div>

<p><strong>KynbTypa:</strong> <span
id="cultureResult"></span></p>

<p id="dateRow"><strong>llara:</strong> <span
id="dateResult"></span></p>

<p
id="temperatureRow"><strong>TemMmneparTypa:</strong> <span
id="temperatureResult"></span></p>

<p id="humidityRow"><strong>BomoricTs:</strong>
<span id="humidityResult"></span></p>

</div>

<div class="result-info-block">

<h2>PesynbTar nmiarHoctmku</h2>
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<div class="disease-card" id="diagnosisCard">
<h3 id="statusResult"></h3>
<p><strong>liarHos:</strong> <span
id="diseaseResult"></span></p>
<p><strong>PiBeHb BHeBHeHOCT1:</strong> <span
id="confidenceResult"></span></p>

</div>

<div class="treatment-block">
<h3>0Onmc</h3>
<p id="descriptionResult"></p>

</div>

<div class="treatment-block">
<h3>PekomMeHnanii</h3>
<p id="recommendationResult"></p>

</div>

<div class="result-actions">
<button class="secondary-btn" type="button"

onclick="saveResult () ">

Fﬂ 30eperTu pesysbTaT

</button>

<a href="/" class="main-btn result-back-btn">
[IoBpepHYyTHCA Ha I'OJIOBHY
</a>
</div>

</div>

</div>

@section Scripts {

<script>
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const rawData =

localStorage.getItem("lastDiagnosisResult");

if (!rawbata) {
window.location.href = "/";
}
const data = JSON.parse (rawbData) ;
document.getElementById ("resultImage") .src =

data.image;
if (data.gradcamImage) {
document.getElementById ("gradcamImage") .src =

data.gradcamImage;

} else {
document.getElementById ("gradcamBlock") .style.display = "none";

}

document.getElementById("cultureResult") .innerText
= data.culture || "He BkaszsaHoO";

setOptionalField ("dateRow", "dateResult",
data.date, "");

setOptionalField ("temperatureRow",
"temperatureResult", data.temperature, " °C");

setOptionalField ("humidityRow", "humidityResult",
data.humidity, "%");

const statusText = data.status === "healthy"
2 "@® 3noposa pocamHa"

: "@ Pocimua ypaxeHa 3axBOPOBaHHAM";

const statusColor = data.status === "healthy" ?

"#2e7d32" : "#c62828";
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document.getElementById ("statusResult") .innerText

= statusText;

document.getElementById ("statusResult") .style.color =

statusColor;

document.getElementById ("diseaseResult") .innerText

= data.disease;

document.getElementById ("confidenceResult") .innerText =

data.confidencePercent + "%";

document.getElementById ("descriptionResult") .innerText =

data.description;

document.getElementById ("recommendationResult") .innerText =

data.recommendation;

function setOptionalField(rowId, valueld, value,
suffix) {
const row = document.getElementById (rowld) ;
const valueElement =

document.getElementById (valueld) ;

if (!'value) {

row.style.display = "none";
return;
}
valueElement.innerText = value + suffix;
}
async function saveResult () {

try {
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const response = await

fetch ("/Home/SaveDiagnosis", {
method: "POST",

headers: {

"Content-Type": "application/json"

by
body: JSON.stringify ({
culture: data.culture,
disease: data.disease,
status: data.status,
confidencePercent:
Number (data.confidencePercent),

description: data.description,

recommendation:
data.recommendation,
observationDate: data.date
null,
temperature: data.temperature
Number (data.temperature) : null,
humidity: data.humidity
Number (data.humidity) : null,
imageData: data.image
})
}) g
if (!response.ok) {
throw new Error ("He Bmanocs 30epertu
pesyJaeTaT.") ;
}
const saved = await response.json();
alert ("PesynabTaT ycnimHo 30epexeHO. Homep
sanmucy: " + saved.id);

}

catch (error) {
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alert (error.message) ;

}
} </script>

.3 — xox History.cshtml

@model List<PlantVisionWeb.Models.DiagnosisResult>

@{

ViewData["Title"] = "IcTopisa neperipok";

<div class="header">
<div class="header-left">
<div class="logo"> ¥ </div>

<div>

<div class="app-name">PlantVision</div>

<diwv class="app-sub">IcTopisa OiarHOCTUYHUX
nepepipox</div>
</div>
</div>

<div class="header-right">

<a class="history-link" href="/">Ha rojoBHy</a>
</div>

</div>

<div class="history-container">
<h2>36epexeni pesynbraTmu</h2>
@if (!Model.Any())

{

<div class="empty-history">
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IcTopisa mepeBipoK MIOPOXHS.
</div>
else
@Qforeach (var item in Model)
{
<div class="history-card">
<div class="history-image">
<img src="Q@item.ImageData" />
</div>

<div class="history-info">

<h3>@item.Disease</h3>

<p>
<strong>KynbTypa:</strong>
@item.Culture
</p>
<p>
<strong>CraH:</strong>
@(item.Status == "healthy"
? "3noposa
pocauHa"
"YpaxeHa
pocyuHa")
</p>
<p>

<strong>BneBHeHicTh:</strong>
@item.ConfidencePercent$%

</p>



@if
(!'string.IsNullOrEmpty (item.ObservationDate))
{
<p>
<strong>JllaTa
cnocTepexeHHs:</strong>
@item.ObservationDate

</p>

</div>

</div>

</div>
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