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LAMPIRAN
1. Kode Program train_kfold.py

KLASIFIKASI DAUN KRATOM DENGAN 5-FOLD CROSS-VALIDATION

Script ini mengatasi keterbatasan jumlah dataset asli (saat ini 100 citra:
50 Healthy + 50 Unhealthy) dengan menerapkan Stratified 5-Fold Cross-
Validation, sehingga SETIAP citra asli mendapat giliran menjadi data
validasi tepat satu kali, dan confusion matrix akhir merupakan gabungan
hasil prediksi "out-of-fold" dari SELURUH citra asli (bukan cuma subset
10. 20% seperti pada split tunggal). Jumlah citra dibaca otomatis dari isi

11. folder dataset, jadi script ini tetap berjalan benar berapa pun jumlah

12. citra per kelas (tidak ada angka yang di-hardcode di kode).

VCoONOTUVTEAWNER

14. Alur untuk setiap fold:

15. 1. Seluruh citra asli dibagi menjadi ~80% train dan ~20% validasi

16. (stratified, proporsi kelas dijaga tetap seimbang di setiap fold).
17. 2. Augmentasi dilakukan SECARA ONLINE (on-the-fly) menggunakan

18. ImageDataGenerator langsung dari path citra'asli --"TIDAK ADA lagi
19. penyalinan/penulisan citra hasil augmentasi ke disk (tidak ada folder
20. sementara seperti 'kfold_tmp'). Setiap batch training dibentuk dari
21. transformasi acak (rotasi, flip, shift, zoom) atas citra asli.

22. 3. Data validasi fold ini TETAP citra asli, dibaca langsung tanpa

23. augmentasi (hanya preprocessing MobileNetV2).

24. 4. Model MobileNetV2 dilatih dari awal (fresh) untuk fold ini (2 tahap:
25. feature extraction + fine-tuning).

26. 5. Model memprediksi data validasi fold ini; hasilnya disimpan sebagai
27. prediksi "out-of-fold" untuk citra-citra tersebut.

28.

29. Setelah 5 fold selesai:

30. - Seluruh prediksi out-of-fold digabung -> classification report,

31. confusion matrix, ROC/AUC, dan threshold optimal dihitung dari

32. GABUNGAN seluruh citra ini (bukan cuma subset).

33. - Model FINAL untuk deployment dilatih ulang sekali lagi menggunakan
34. SELURUH citra asli (dengan augmentasi online penuh), agar model

35. yang dipakai untuk prediksi nyata memanfaatkan semua data yang ada.
36.

37. Cara pakai:

38. python train_kfold.py

39.

40. Hasil tersimpan di folder 'hasil output/':

41. classification._report.txt (gabungan 5 fold, seluruh citra)

42. confusion_matrix.png (gabungan 5 fold, seluruh citra)

43, roc_curve.png (gabungan 5 fold)

44, ringkasan_metrik.json

45. model_final_daun_kratom.h5 (dilatih ulang pada 100% data)

46. label_map.json

47. ===
48. """

49.

50. import os

51. import json

52. import numpy as np

53. import pandas as pd

54. import matplotlib.pyplot as plt

55. import seaborn as sns

56. import tensorflow as tf

57. from sklearn.model_selection import StratifiedkKFold

58. from tensorflow.keras.applications import MobileNetV2

59. from tensorflow.keras.applications.mobilenet_v2 import preprocess_input
60. from tensorflow.keras.preprocessing.image import ImageDataGenerator

61. from tensorflow.keras.layers import Dense, GlobalAveragePooling2D, Dropout,
Input




62. from tensorflow.keras.models import Model

63. from tensorflow.keras.optimizers import Adam

64. from tensorflow.keras.callbacks import EarlyStopping, ReducelLROnPlateau
65. from sklearn.metrics import (

66. classification_report,
67. confusion_matrix,

68. roc_curve,

69. auc,

70. )

71.

72. #

73. # 1. KONFIGURASI

74. #

75. DATASET_DIR "dataset" # folder citra ASLI (Healthy / Unhealthy)
76. OUTPUT DIR "hasil_output"
77. IMG_SIZE = (224, 224)

78. BATCH_SIZE = 32 # dataset sekarang 100 citra (50/50) -> tiap fold
train ~80 citra,

79. # batch 32 masih aman & lebih stabil dibanding
dataset lama (64 citra)

80. EPOCHS = 30

81. LEARNING_RATE = le-4

82. FINE_TUNE_LR = le-5
83. FINE_TUNE_AT = 100

84. N_SPLITS =5
85. RANDOM SEED = 42

86.

87. CLASS_NAMES = ["Healthy", "Unhealthy"]
88.

89. os.makedirs(OUTPUT_DIR, exist_ok=True)
90. tf.random.set_seed(RANDOM_SEED)
91. np.random.seed(RANDOM_SEED)

92.

93. #

94. # 2. UTILITAS DATASET

95. #

96. def load_file_list():

97. """Mengambil daftar path file dan label dari folder dataset asli."""
98. filepaths, labels = [], []

99. for idx, cls in enumerate(CLASS_NAMES):

100. folder = os.path.join(DATASET_DIR, cls)

101. for fname in sorted(os.listdir(folder)):

102. if fname.lower().endswith((".jpg", ".jpeg", ".png", ".bmp")):
103. filepaths.append(os.path.join(folder, fname))
104. labels.append(idx)

105. return np.array(filepaths), np.array(labels)

106.

107. def make_dataframe(filepaths, labels):

108. """Membentuk DataFrame (filename, class) untuk dipakai
flow_from_dataframe."""

109. return pd.DataFrame({

110. "filename": filepaths,

111. "class": [CLASS_NAMES[1] for 1 in labels],

112. 19

113.

114. def build_augmentation_datagen(validation_split=None):

115. """ImageDataGenerator untuk augmentasi ONLINE (on-the-fly, tanpa tulis ke
disk)."""

116. kwargs = dict(

117. preprocessing_function=preprocess_input,

118. rotation_range=90,

119. width_shift_range=0.1,

120. height_shift_range=0.1,

121. shear_range=0.1,

122. zoom_range=0.15,

123. horizontal_flip=True,

124. vertical_flip=True,




125. fill mode="nearest",

126. )

127. if validation_split is not None:

128. kwargs["validation_split"] = validation_split

129. return ImageDataGenerator(**kwargs)

130.

131. def build_plain_datagen():

132. """ImageDataGenerator TANPA augmentasi (dipakai untuk data validasi)."""
133. return ImageDataGenerator(preprocessing function=preprocess_input)
134.

135. #

136. # 3. MODEL

137. # =====================sss=sssssooSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSssss
138. def build_model():

139. base_model = MobileNetV2(input_shape=IMG_SIZE + (3,), include_top=False,
weights="imagenet")

140. base_model.trainable = False

141.

142. inputs = Input(shape=IMG_SIZE + (3,))

143. x = base_model(inputs, training=False)

144. x = GlobalAveragePooling2D()(x)

145. x = Dropout(0.3)(x)

146. x = Dense(128; activation="relu")(x)

147. x = Dropout(0.2)(x)

148. outputs = Dense(1, activation="sigmoid")(x)

149.

150. model = Model(inputs, outputs)

151. model.compile(optimizer=Adam(learning_rate=LEARNING_RATE),

152. loss="binary_crossentropy", metrics=["accuracy"])
153. return model, base_model

154.

155. def train_two_stage(model, base _model, train_gen, val gen):

156. callbacks = [

157. EarlyStopping(monitor="val_loss", patience=6,
restore_best_weights=True),

158. ReduceLROnPlateau(monitor="val loss", factor=0.5, patience=3,
min_lr=1le-7),

159. ]

160.

161. model.fit(train_gen, validation_data=val_gen, epochs=EPOCHS,

162. callbacks=callbacks, verbose=2)

163.

164. base_model.trainable = True

165. for layer in base_model.layers|[:FINE_TUNE_AT]:

166. layer.trainable = False

167. model.compile(optimizer=Adam(learning_rate=FINE_TUNE_LR),

168. loss="binary_crossentropy", metrics=["accuracy"])
169. model.fit(train_gen, validation_data=val_gen, epochs=EPOCHS,

170. callbacks=callbacks, verbose=2)

171.

172. return model

173.

174. # =================sossososossoosooooSoSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSss
175. # 4. MAIN: 5-FOLD CROSS VALIDATION

176. # =================ssosososssooooooooooooSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSss
177. def main():

178. print("=" * 70)

179. print ("KLASIFIKASI DAUN KRATOM - 5-FOLD CROSS VALIDATION (AUGMENTASI
ONLINE)")

180. print("=" * 70)

181.

182. if not os.path.isdir(DATASET_DIR):

183. raise FileNotFoundError(f"Folder dataset '{DATASET_DIR}' tidak
ditemukan.")

184.

185. filepaths, labels = load_file_list()

186. n_healthy = int(sum(labels == 9))




187. n_unhealthy = int(sum(labels == 1))

188. print(f"\nTotal citra asli: {len(filepaths)} "

189. f"({n_healthy} {CLASS_NAMES[©]}, {n_unhealthy} {CLASS NAMES[1]})")
190.

191. if n_healthy == 0 or n_unhealthy ==

192. raise ValueError("Salah satu kelas kosong -- periksa isi folder
dataset/Healthy "

193. "dan dataset/Unhealthy.")

194. if min(n_healthy, n_unhealthy) < N_SPLITS:

195. raise ValueError(f"Jumlah citra kelas minoritas ({min(n_healthy,
n_unhealthy)}) "

196. f"lebih kecil dari N_SPLITS ({N_SPLITS}); Stratified
{N_SPLITS}-Fold "

197. "tidak bisa dibentuk.")

198.

199. skf = StratifiedKFold(n_splits=N_SPLITS, shuffle=True,
random_state=RANDOM_SEED)

200.

201. oof_true = np.zeros(len(filepaths), dtype=int)

202. oof_prob = np.zeros(len(filepaths), dtype=float)

203.

204. for fold_idx, (train_idx, val_idx) in enumerate(skf.split(filepaths,
labels), start=1):

205. print (F"\n{*="*70}\nFOLD {fold idx}/{N SPLITS}\n{'="*70}")

206.

207. train_df = make_dataframe(filepaths[train_idx], labels[train_idx])
208. val_df = make_dataframe(filepaths[val_idx], labels[val_idx])

209.

210. train_datagen = build_augmentation_datagen()

211. val_datagen = build_plain_datagen()

212.

213. train_gen = train_datagen.flow_from_dataframe(

214. train_df, x_col="filename", y col="class",

215. target_size=IMG_SIZE, batch_size=BATCH SIZE,

216. class_mode="binary", classes=CLASS_NAMES,

217. shuffle=True, seed=RANDOM_SEED,

218.

219. # shuffle=False -> urutan val_gen SAMA dengan urutan val_df / val_idx,
220. # sehingga hasil prediksi bisa langsung dipetakan balik ke
oof_true/oof_prob

221. val_gen = val_datagen.flow_from_dataframe(

222. val_df, x_col="filename", y_col="class",

223. target_size=IMG_SIZE, batch_size=BATCH_ SIZE,

224. class_mode="binary", classes=CLASS_NAMES,

225. shuffle=False,

226. )

227.

228. model, base_model = build model()

229. model = train_two_stage(model, base_model, train_gen, val_gen)
230.

231. val_gen.reset()

232. y_pred_prob_fold = model.predict(val_gen, verbose=0).ravel()

233.

234. oof_true[val_idx] = labels[val_idx]

235. oof_prob[val_idx] = y_pred_prob_fold

236.

237. print(f"[INFO] Fold {fold_idx} selesai. Jumlah data validasi fold ini:
{len(val_idx)}")

238.

239. tf.keras.backend.clear_session()

240.

241. # =
242, # 5. EVALUASI GABUNGAN (OUT-OF-FOLD) - SELURUH CITRA

243, # ==============ssssssososososoosssoosooooooossssssosoosssSosSsSSSss =
244, print(f"\n{'="'*70}\nEVALUASI GABUNGAN (OUT-OF-FOLD, {len(filepaths)}

CITRA)\n{'='*70}")
245,




246.
247.
248.
249,
250.
251.
252.
253,
digits=4)
254,
255,
256.
257.
258.
259.
260.
261.
262.
263.
citra)")
264.
265.
266.
267.
268.
269.
270.
271.
272.
273.
274.
Guess")
275.
276.
277.
278.
279.
280.
281.
282.
283.
284.
285.
286.
287.
288.
289.
290.
291.
292.
293.
294,
295.
296.
297.

fpr_tmp, tpr_tmp, thresholds_tmp = roc_curve(oof_true, oof_prob)
youden_j = tpr_tmp - fpr_tmp

best_threshold = float(thresholds_tmp[np.argmax(youden_3j)])
print(f"[INFO] Threshold optimal: {best_threshold:.4f}")

y_pred = (oof_prob >= best_threshold).astype(int)
report = classification_report(oof_true, y_pred, target_names=CLASS_NAMES,

print("\n=== Classification Report (gabungan 5-fold) ===")

print(report)

with open(os.path.join(OUTPUT_DIR, "classification_report.txt"), "w") as f:
f.write(report)

cm = confusion_matrix(oof_true, y pred)

plt.figure(figsize=(6, 5))

sns.heatmap(cm, annot=True, fmt="d", cmap="Blues",
xticklabels=CLASS_NAMES, yticklabels=CLASS_NAMES)

plt.title(f"Confusion Matrix - 5-Fold Cross Validation ({len(filepaths)}

plt.xlabel("Prediksi")

plt.ylabel("Aktual")

plt.tight_layout()

plt.savefig(os.path.join(OUTPUT_DIR, '"confusion matrix.png"), dpi=200)
plt.close()

fpr, tpr, _ = roc_curve(oof_true, oof_prob)

roc_auc = auc(fpr, tpr)

plt.figure(figsize=(6, 5))

plt.plot(fpr, tpr, label=f"ROC curve (AUC = {roc_auc:.4f})", linewidth=2)
plt.plot([©, 1], [@, 1], linestyle="--", color="gray", label="Random

plt.xlabel("False Positive Rate")

plt.ylabel("True Positive Rate")

plt.title("ROC Curve - 5-Fold Cross Validation")
plt.legend(loc="1ower right")

plt.grid(True, alpha=0.3)

plt.tight_layout()

plt.savefig(os.path.join(OUTPUT_DIR, "roc_curve.png"), dpi=200)
plt.close()

accuracy = float((oof_true ==y pred).mean())
final_metrics = {
"accuracy": accuracy,
"auc": float(roc_auc),
"best_threshold": best_threshold,
"confusion_matrix™: cm.tolist(),
"class_names": CLASS_NAMES,
"n_splits": N_SPLITS,
"total_citra_asli": len(filepaths),
}
with open(os.path.join(OUTPUT_DIR, "ringkasan_metrik.json"), "w") as f:
json.dump(final_metrics, f, indent=4)

print(f"\n[INFO] Accuracy (gabungan {len(filepaths)} citra):

{accuracy*100:.2f}%")

298.
299.
300.
301.
302.
303.

print(f"[INFO] AUC: {roc_auc:.4f}")

# =
# 6. LATIH MODEL FINAL PADA 100% DATA (untuk deployment/prediksi nyata)

# ========================================================== =
print(f"\n{'="'*70}\nMELATIH MODEL FINAL PADA SELURUH {len(filepaths)} CITRA

ASLI\n{'='*70}")

304.
305.
306.
307.

full _df = make_dataframe(filepaths, labels)

# sisihkan sedikit data (10%) sekadar untuk monitoring EarlyStopping,




3e8.
309.
310.
311.
312.
313.
314.
315.
316.
317.
318.
319.
320.
321.
322.
323.
324.
325.

# bukan untuk pelaporan metrik (metrik resmi = hasil 5-fold di atas)
final_datagen = build_augmentation_datagen(validation_split=0.1)

final_train_gen = final_datagen.flow_from_dataframe(
full _df, x_col="filename", y_col="class",
target_size=IMG_SIZE, batch_size=BATCH_SIZE,
class_mode="binary", classes=CLASS_NAMES,
subset="training", shuffle=True, seed=RANDOM_SEED,

)

final_monitor_gen = final_datagen.flow_from_dataframe(
full _df, x_col="filename", y_col="class",
target_size=IMG_SIZE, batch_size=BATCH_SIZE,
class_mode="binary", classes=CLASS_NAMES,
subset="validation", shuffle=False, seed=RANDOM_SEED,

)

final_model, final_base = build_model()
final_model = train_two_stage(final_model, final_base, final_train_gen,

final_monitor_gen)

326.
327.
328.
329.
330.
331.
332.
333.
334.
335.
336.
337.
338.
339.
340.
341.
342.
343.
344,

final_model_path = os.path.join(OUTPUT_DIR, "model final_daun_kratom.h5")
final_model.save(final_model_ path)
print(f"[INFO] Model final disimpan-di: {final_model path}")

with open(os.path.join(OUTPUT_DIR, "label _map.json"), "w") as f:
json.dump({"0": CLASS_NAMES[@], "1": CLASS_NAMES[1]}, f, indent=4)

print("\n" + "=" * 70)
print("SELESAI")
print(f"Akurasi (5-fold, {len(filepaths)} citra) : {accuracy*100:.2f}%")

print(f"AUC : {roc_auc:.4f}")
print(f"Threshold optimal : {best_threshold:.4f}")
print(f"Model final (dilatih pada 100% data) : {final_model path}")

print(f"Semua hasil tersimpan di folder: {OUTPUT_DIR}/")
print("=" * 70)

if _name__ == "_ main_ ":

main()

2. Kode Program predict visual.py

WOoONOUVIDWNR

PREDIKSI + VISUALISASI .- KLASIFIKASI PENYAKIT DAUN KRATOM
(Sehat / Tidak Sehat)

Script ini melakukan prediksi pada satu gambar maupun seluruh gambar dalam
suatu folder menggunakan model CNN yang telah dilatih.

Fitur:
. Prediksi satu gambar atau seluruh gambar dalam folder.
. Menampilkan label hasil klasifikasi (Sehat / Tidak Sehat).
. Menampilkan persentase keyakinan model.

. Membuat kolase seluruh hasil prediksi.
. Membuat grafik jumlah daun Sehat dan Tidak Sehat.
. Menyimpan tabel hasil prediksi dalam format CSV.

1
2
3
. 4. Menyimpan gambar hasil prediksi.
5
6
7

. Cara menjalankan:

. Prediksi satu gambar
. python predict_visual.py --image gambar_uji/ujil.jpg




23.

24. Prediksi satu folder

25. python predict_visual.py --folder gambar_uji

26.

27. Semua hasil akan disimpan pada folder:

28. hasil_prediksi/

29. ================
30. """

31.

32. import os

33. import csv

34. import json

35. import argparse

36. import numpy as np

37. import matplotlib.pyplot as plt

38.

39. from tensorflow.keras.models import load_model

40. from tensorflow.keras.preprocessing import image

41. from tensorflow.keras.applications.mobilenet_v2 import preprocess_input

42.
43. #
44. # KONFIGURASI
45, #
46.
47. MODEL_PATH = os.path.join("hasil output”, "model final daun_kratom.h5")
48. LABEL_MAP_PATH = os.path.join("hasil_output", "label map.json™)

49.

50. OUTPUT_DIR = "hasil prediksi"

51. IMG_SIZE = (224, 224)

52.

53. os.makedirs(OUTPUT_DIR, exist_ok=True)

54.

55. _model_cache = None

56. _label_map_cache = None

57.

58. #

59. # MEMUAT MODEL

60. #

61.

62. def _load_resources():

63. global _model cache, _label map_cache

64.

65. if _model_cache is None:

66. if not os.path.exists(MODEL_PATH):
67. raise FileNotFoundError(

68. f"Model tidak ditemukan pada:\n{MODEL_PATH}\n\n"
69. "Silakan jalankan train_kfold.py terlebih dahulu."
70. )

71.

72. _model_cache = load_model (MODEL_PATH)
73.

74. if _label_map_cache is None:

75. with open(LABEL_MAP_PATH, "r") as f:
76. _label_map_cache = json.load(f)
77.

78. return _model_cache, _label_map_cache

79.

80. METRICS_PATH = os.path.join("hasil_output", "ringkasan_metrik.json")
81.
82. _threshold_cache = None

83.

84. def _load_threshold():

85. """Baca threshold optimal (Youden's J) hasil 5-fold CV. Fallback ke 0.5
jika tidak ada."""

86. global _threshold_cache

87. if _threshold_cache is None:

88. if os.path.exists(METRICS_PATH):




89.
90.
91.
92.
93.

with open(METRICS_PATH, "r") as f:
metrics = json.load(f)
_threshold_cache = float(metrics.get("best_threshold", 0.5))
else:
print (" [PERINGATAN] ringkasan_metrik.json tidak ditemukan, pakai

threshold default 0.5")

94.

95.

96.

97.

98.

99.
100.
le1.
102.
103.
104.
105.
106.
107.
108.
109.
11e.
111.
112.
113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.

_threshold_cache = 0.5
return _threshold_cache

#
# PREDIKSI SATU GAMBAR
#

def predict_single(image_path):
model, label map = _load_resources()
img = image.load_img(image_path, target_size=IMG_SIZE)
img_array = image.img_to_array(img)

img_array = np.expand_dims(img_array, axis=0)
img_array = preprocess_input(img_array)

probability = model.predict(img_array, verbose=0)[0][0]

threshold = _load_threshold()
predicted_class = "1" if probability >= threshold else "0"

label _en = label _map[predicted_class]

confidence = (
probability * 100
if predicted_class == "1"
else (1 - probability) * 100

)

label id = (
"SEHAT"
if label _en == "Healthy"
else "TIDAK SEHAT"

)

return label_id, float(confidence), img

#
# SIMPAN HASIL SATU GAMBAR
#

def save_single_result_image(filename, label, confidence, img):
warna = "green" if label == "SEHAT" else "red"
fig, ax = plt.subplots(figsize=(5, 6))

ax.imshow(img)
ax.axis("off")

ax.set_title(
f"Hasil: {label}\nKeyakinan: {confidence:.2f}%",
fontsize=13,
color=warna,
fontweight="bold"

)

fig.text(
0.5,
0.03,




155. f"Berdasarkan hasil klasifikasi model CNN, "

156. f"daun kratom termasuk kategori {label} "
157. f"dengan tingkat keyakinan {confidence:.2f}%.",
158. ha="center",

159. fontsize=9,

160. wrap=True

161. )

162.

163. plt.tight_layout(rect=[0, 0.06, 1, 1])
164.

165. save_path = os.path.join(

166. OUTPUT_DIR,

167. os.path.splitext(os.path.basename(filename))[0] + "_hasil.png"
168. )

169.

170. plt.savefig(save_path, dpi=200)

171. plt.close()

172.

173. return save_path

174.

175. def save_grid_result(results):

176.

177. if len(results) ==

178. return None

179.

180. cols = min(4, len(results))

181. rows = int(np.ceil(len(results) / cols))
182.

183. fig, axes = plt.subplots(

184. rows,

185. cols,

186. figsize=(cols * 3.5, rows * 3.8)
187. )

188.

189. axes = np.array(axes).reshape(-1)

190.

191. for ax, r in zip(axes, results):

192.

193. warna = "green" if r["label"] == "SEHAT" else "red"
194.

195. ax.imshow(r["img"])

196. ax.axis("off")

197.

198. ax.set_title(

199. f"{r['file"]}\n{r['label']} ({r['confidence']:.2f}%)",
200. fontsize=9,

201. color=warna

202. )

203.

204. for ax in axes[len(results):]:

205. ax.axis("off")

206.

207. plt.tight_layout()

208.

209. save_path = os.path.join(

210. OUTPUT_DIR,

211. "kolase_hasil prediksi.png"

212. )

213.

214. plt.savefig(save_path, dpi=200)

215. plt.close()

216.

217. return save_path

218.

219. # ==============sssssosoooooooSooSoSoSSSSSSSSSSSSSSSSSSSSSSSss

220. # GRAFIK RINGKASAN
221. #




222.
223. def save_summary_chart(results):

224,

225. sehat = sum(r["label"] == "SEHAT" for r in results)
226. tidak = sum(r["label"] == "TIDAK SEHAT" for r in results)
227.

228. fig, ax = plt.subplots(figsize=(5, 4))
229.

230. bars = ax.bar(

231. ["Sehat", "Tidak Sehat"],
232. [sehat, tidak],

233, color=["#1DB954", "#E63946"]
234. )

235.

236. for b in bars:

237. ax.text(

238. b.get_x() + b.get_width()/2,
239. b.get_height() + 0.05,
240. int(b.get_height()),
241. ha="center",

242. fontweight="bold"

243. )

244,

245, ax.set_title(

246. "Ringkasan Hasil Prediksi Daun Kratom",
247. fontsize=12,

248. fontweight="bold"

249. )

250.

251. ax.set_ylabel("Jumlah Gambar")
252.

253. plt.tight_layout()

254,

255. save_path = os.path.join(

256. OUTPUT_DIR,

257. "ringkasan_prediksi.png"
258. )

259.

260. plt.savefig(save_path, dpi=200)
261. plt.close()

262.

263. return save_path, sehat, tidak
264.

265. #

266. # CSV

267. #

268.

269. ‘def save_summary_csv(results):

270.

271. csv_path = os.path.join(

272. OUTPUT_DIR,

273. "ringkasan_prediksi.csv"
274. )

275.

276. with open(csv_path, "w",newline="") as f:
277.

278. writer = csv.writer(f)

279.

280. writer.writerow([

281. "Nama File",

282. "Hasil Klasifikasi",
283. "Keyakinan (%)"

284, 1

285.

286. for r in results:

287.

288. writer.writerow([




289.
290.
291.
292.
293.
294.
295.
296.
297.
298.
299.
300.
301.
302.
303.
304.
305.
306.
307.
308.
309.
310.
311.
312.
313.
314.
315.
316.
317.
318.
319.
320.
321.
322.
323.
324.
325.
326.
327.
328.
329.
330.
331.
332.
333.
334.
335.
336.
337.
338.
339.
340.
341.
342.
343.
344.
345,
346.
347.
348.
349.
350.
351.
352.
353.
354.
355.

r["file"],

r["label"],

f"{r['confidence"']:.2f}"
D

return csv_path

#

# PREDIKSI SATU FOLDER
#

def run_on_folder(folder):

ekstensi = (".jpg", ".jpeg", ".png", ".bmp")
results = []
for file in sorted(os.listdir(folder)):

if not file.lower().endswith(ekstensi):
continue

path = os.path.join(folder, file)

label, conf, img = predict_single(path)

save_single_result_image(file, label, conf, img)

print(f“{file:30s} -> {label:12s} ({conf:.2f}%)")

results.append({
"file": file,
"label": label,
"confidence": conf,

img": img
})
if len(results) == 0:
print("Tidak ada gambar ditemukan.")
return

grid = save_grid_result(results)

chart, sehat, tidak = save_summary_chart(results)

csv_file = save_summary_csv(results)

print("\n===== RINGKASAN =====")
print(f"Total gambar : {len(results)}")
print(f"Sehat 2 {sehat}")

print(f"Tidak Sehat : {tidak}")

print("\nSemua hasil tersimpan pada folder:")

print(OUTPUT_DIR)
print(grid)
print(chart)
print(csv_file)

#

# PREDIKSI SATU GAMBAR
#

def run_on_single(image_path):
label, conf,img = predict single(image path)
hasil = save_single_result_image(

image_path,
label,




356.
357.
358.
359.
360.
361.
362.
363.
364.
365.
366.
367.
368.
369.
370.
371.
372.
373.
374.
375.
376.
377.
378.
379.
380.
381.
382.
383.
384.
385.
386.
387.
388.
389.
390.
391.
392.
393.
394.
395.
396.
397.
398.
399.
400.
401.
402.

conf,

img
)

print("\n===== HASIL PREDIKSI =====")
print(f"Gambar : {image_path}")
print(f"Hasil : {label}")
print(f"Keyakinan : {conf:.2f}%")

print(f"Hasil visual: {hasil}")

#

# MAIN

#

if _ _name__=="_main__":

parser = argparse.ArgumentParser(

)

description="Prediksi kesehatan daun kratom menggunakan model CNN"

parser.add_argument(

)

"__image",
type=str,
help="Path satu gambar daun:kratom"

parser.add_argument(

)

Se=foldarnts
type=str,
help="Path folder gambar daun kratom"

args = parser.parse_args()

if args.image:

run_on_single(args.image)

elif args.folder:

run_on_folder(args.folder)

else:
print(
"Gunakan:\n"
"python predict_visual.py --image gambar.jpg\n"
"atau\n"
"python predict_visual.py --folder gambar_uji"
)

3. Kode Program predict explain.py

[y
[T S

iy
® VWO NOUIDWNER

PREDIKSI + PENJELASAN VISUAL (VERSI PREMIUM) - DAUN KRATOM

. Peningkatan dari versi sebelumnya:

Layout kartu (card) bergaya dashboard modern, bukan sekadar 3 panel polos
Gauge/speedometer keyakinan model (visual, bukan cuma angka)

Progress bar tingkat keparahan bercak

Badge status berwarna (hijau/merah) dengan ikon check/warning

Anotasi kontur area bercak (bukan cuma overlay blok warna)

Watermark judul & tanggal analisis otomatis di setiap gambar output
Ringkasan folder dalam bentuk dashboard (bukan cuma bar chart biasa)
Menggunakan threshold optimal (Youden's J) hasil 5-fold CV, bukan ©.5 fix




14. - Grad-CAM diperbaiki agar berfungsi pada base_model bersarang

(MobileNetV2)

15.

16. Cara pakai:

17. python predict_explain.py --image gambar_uji/uji.jpg

18. python predict_explain.py --folder gambar_uji

19.

20. Hasil tersimpan di folder: hasil penjelasan/

21. =======
22, """

23.

24. import os

25. import json

26. import argparse

27. import datetime

28. import numpy as np

29. import matplotlib.pyplot as plt

30. import matplotlib.colors as mcolors

31. import matplotlib.patches as mpatches

32. from matplotlib.gridspec import GridSpec

33. from matplotlib.patches import Wedge, Circle

34. import tensorflow as tf

35. from tensorflow.keras.models import load model

36. from tensorflow.keras.preprocessing import image

37. from tensorflow.keras.applications.mobilenet_v2 import preprocess_input
38.

39. MODEL_PATH = os.path.join("hasil_output", "model final_daun_kratom.h5")
40. LABEL_MAP_PATH = os.path.join("hasil output", "label map.json")

41. METRICS_PATH = os.path.join("hasil output", "ringkasan_metrik.json")
42. OUTPUT_DIR = "hasil penjelasan”

43, IMG_SIZE = (224, 224)

44, SPOT_THRESHOLD_PERSEN = 5.0

45.

46. # Ubah ke True kalau ingin melihat traceback lengkap ketika Grad-CAM gagal
dihitung

47. DEBUG_GRADCAM = False

48.

49. # --- Palet warna tema dashboard ---

50. WARNA_SEHAT = "#1DB954"

51. WARNA_TIDAK_SEHAT = "#E63946"
52. WARNA_BG_CARD = "#FS5F7FA"

53. WARNA_TEKS = "#1B1B1F"

54. WARNA_AKSEN = "#264653"

55.

56. os.makedirs(OUTPUT_DIR, exist_ok=True)
57.

58. _model_cache = None

59. _label_map_cache = None

60. _threshold_cache = None

61. _last_conv_name_cache = None

62.

63. # ====================ss=ss===SsSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSsss
64. # 1. LOAD MODEL, LABEL & THRESHOLD

65. # ====================sssssssssssoossssoooooooooooosoooooSSSSSSSSSsSsssssssszsss
66. def _load_resources():

67. global _model _cache, _label map_cache

68. if _model_cache is None:

69. if not os.path.exists(MODEL_PATH):

70. raise FileNotFoundError(

71. f"Model tidak ditemukan di '{MODEL_PATH}'. "

72. f"Jalankan train_kfold.py terlebih dahulu."

73.

74. _model_cache = load_model (MODEL_PATH)

75. if _label_map_cache is None:

76. with open(LABEL_MAP_PATH, "r") as f:

77. _label_map_cache = json.load(f)

78. return _model_cache, _label_map_cache




79.
80. def _load_threshold():

81. """Baca threshold optimal (Youden's J) hasil 5-fold CV. Fallback ke 0.5
jika tidak ada."""

82. global _threshold_cache

83. if _threshold_cache is None:

84. if os.path.exists(METRICS_PATH):

85. with open(METRICS_PATH, "r") as f:

86. metrics = json.load(f)

87. _threshold_cache = float(metrics.get("best_threshold", 0.5))
88. else:

89. print("[PERINGATAN] ringkasan_metrik.json tidak ditemukan, pakai
threshold default 0.5")

90. _threshold_cache = 0.5

91. return _threshold_cache

92.

93. def _find_nested_base_model(model):

94. for layer in model.layers:

95. if isinstance(layer, tf.keras.Model):

96. return layer

97. return None

98.

99. def _find_last_conv_layer_name(base_model):

100. e

1e1. Cari nama layer terakhir dengan output 4D (feature map konvolusi),
102. dicari di dalam graf INTERNAL base_model sendiri.

103. Aman dipakai di sini karena kita hanya butuh SHAPE-nya (bukan tensor
104. yang harus tersambung ke model luar). get output_shape_at/get output_at
105. sudah dihapus di Keras 3, jadi kita pakai layer.output.shape langsung
106. -- ini valid karena dalam graf internal base_model sendiri tiap layer
107. cuma dipanggil sekali (1 node), tidak ambigu.

108. "R

109. for layer in reversed(base_model.layers):

110. try:

111. shape = layer.output.shape

112. except Exception:

113. continue

114. if shape is not None and len(shape) == 4:

115. return layer.name

116. return None

117.

118. #

119. # 2. GRAD-CAM

120. #

121. _head_layers_cache = None

122.

123. def find_head_layers(model, base_model):

124. "

125. Ambil layer-layer 'kepala' (setelah base_model) dari model utama,
126. berurutan sesuai posisinya di model.layers -- misal:

127. GlobalAveragePooling2D, Dropout, Dense, Dropout, Dense.

128. e

129. head_layers = []

130. found_base = False

131. for layer in model.layers:

132. if layer is base_model:

133. found_base = True

134. continue

135. if found_base:

136. head_layers.append(layer)

137. return head_layers

138.

139. def compute_gradcam(model, img_array prep):

140. e

141. Grad-CAM untuk model dengan base_model (MobileNetV2) bersarang.

142.

143. Di Keras 3, layer.output pada layer di DALAM base_model mengarah ke




144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.
161.
162.
163.
164.
165.
166.
167.
168.
169.
17e.
171.
172.
173.
174.
175.
176.
177.
178.
179.
180.
181.
182.
183.
184.
185.
186.
187.
188.
189.
190.
191.
192.
193.
194.
195.
196.
197.
198.
199.
200.
201.

graf internal base_model sendiri, TIDAK tersambung ke input model luar
-- jadi tidak bisa langsung dipakai membuat satu grad_model gabungan
seperti Grad-CAM biasa (akan muncul error "Output ... is not connected
to inputs").

Solusinya: hitung Grad-CAM dalam 2 tahap, di dalam GradientTape yang sama:
1) Jalankan base_model (lewat sub-model barunya sendiri: base_model.input
-> layer konvolusi terakhir) untuk dapat feature map konvolusi.
2) Lanjutkan manual layer-layer 'kepala' (GAP, Dropout, Dense, dst.)
satu per satu di atas feature map tadi untuk dapat prediksi akhir.
Gradient prediksi terhadap feature map dari langkah 1 itulah Grad-CAM.
global _last_conv_name_cache, _head_layers_cache
try:
base_model = _find_nested_base_model(model)
if base_model is None:
return None
if _last_conv_name_cache is None:
_last_conv_name_cache = _find_last_conv_layer name(base_model)
if _last_conv_name_cache is None:
return None
if _head_layers_cache is None:
_head_layers_cache = _find head_layers(model, base_model)
if not _head_layers_cache:
return None

conv_extractor = tf.keras.models.Model(
inputs=base_model.input,
outputs=base_model.get layer(_last_conv_name_cache).output,

)

img_tensor = tf.convert_to_tensor(img_array_prep)

with tf.GradientTape() as tape:

tape.watch(img_tensor)
conv_output = conv_extractor(img_tensor)
X = conv_output
for layer in _head_layers_cache:

x = layer(x, training=False)
predictions = x
loss = predictions[:, 9]

grads = tape.gradient(loss, conv_output)
if grads is None:
return None

pooled_grads = tf.reduce_mean(grads, axis=(0, 1, 2))
conv_output_single = conv_output[@]
heatmap = conv_output_single @ pooled_grads[..., tf.newaxis]
heatmap = tf.squeeze(heatmap)
heatmap = tf.maximum(heatmap, @) / (tf.reduce_max(heatmap) + le-8)
heatmap = tf.image.resize(heatmap[..., tf.newaxis], IMG_SIZE)
return heatmap.numpy().squeeze()
except Exception as e:

if DEBUG_GRADCAM:

import traceback

traceback.print_exc()
print (f"[PERINGATAN] Grad-CAM tidak dapat dihitung ({e}). Melanjutkan

tanpa heatmap.")

202.
203.
204.
205.
206.
207.
208.
209.

return None

# 3. DETEKSI BERCAK WARNA

def detect_spots(img_array_uint8):

rgb_norm = img_array_uint8.astype("float32") / 255.0
hsv = mcolors.rgb_to_hsv(rgb_norm)




h, s, v=nhsv[..., 0], hsv[..., 1], hsv[..., 2]
leaf_mask = s > 0.15
spot_mask = leaf_mask & (h < ©.17) & (v > 0.15)
total_leaf _pixels = int(leaf_mask.sum())
total_spot_pixels = int(spot_mask.sum())
if total_leaf pixels ==
return 0.0, spot_mask
return (total_spot_pixels / total_leaf_pixels) * 100, spot_mask

219. def get_severity level(label):

226. #

if label == "SEHAT":
return "Sehat", "#1DB954"
else:
return "Tidak Sehat", "#E63946"

4. PREDIKSI + KETERANGAN

228. def predict_and_explain(image_path):

model, label _map = _load_resources()
threshold = _load_threshold()

img_pil = image.load_img(image path, target_size=IMG_SIZE)
img_array = image.img_to_array(img_pil)

img_array_batch = np.expand_dims(img_array, axis=0)
img_array_prep = preprocess_input(img_array_batch.copy())

pred_prob = model.predict(img_array _prep, verbose=0)[0][0]
predicted_class = "1" if pred_prob >= threshold else "0"
label_en = label map[predicted_class]

confidence = pred_prob * 100 if predicted_class == "1" else (1 - pred_prob)
label_id = "SEHAT" if label_en == "Healthy" else "TIDAK SEHAT"

heatmap = compute_gradcam(model, img_array_prep)
persen_bercak, spot_mask = detect_spots(img_array)

if label_id == "SEHAT":
ket_bercak = (
f"Tidak ditemukan indikasi bercak yang signifikan
f"({persen_bercak:.1f}% area terindikasi)."

)

else:
ket_bercak = (
f"Ditemukan indikasi bercak pada sekitar
f"{persen_bercak:.1f}% permukaan daun."

)

keterangan = (
f"Berdasarkan hasil analisis citra menggunakan model CNN,
f"daun kratom diklasifikasikan sebagai {label_id} "
f"dengan tingkat keyakinan {confidence:.2f}%. "
f"{ket_bercak}"

)

return {
"label": label_id,
"confidence": confidence,
"persen_bercak": persen_bercak,
"keterangan": keterangan,
"img": img_array.astype("uint8"),
"heatmap": heatmap,
"spot_mask": spot_mask,




276. # 5. KOMPONEN VISUAL - GAUGE KEYAKINAN (speedometer)

277. #

278. def draw_confidence_gauge(ax, confidence, color):

279. ax.set_xlim(-1.2, 1.2)

280. ax.set_ylim(-0.2, 1.2)

281. ax.axis("off")

282. ax.set_aspect("equal")

283.

284. # track abu-abu penuh (0-100%)

285. ax.add_patch(Wedge((0, 0), 1.0, 0, 180, width=0.28,

286. facecolor="#EQGEQEQ", edgecolor="none"))

287. # progress sesuai confidence

288. sudut = 180 * (confidence / 100)

289. ax.add_patch(Wedge((0, @), 1.0, 180 - sudut, 180,

290. width=0.28, facecolor=color, edgecolor="none"))
291. # jarum

292. ax.add_patch(Circle((0, @), 0.05, facecolor=WARNA_AKSEN, zorder=5))
293,

294. ax.text(0, 0.42, f"{confidence:.1f}%", ha="center", va="center",
295. fontsize=20, fontweight="bold", color=WARNA_AKSEN)
296. ax.text (0, 0.15, "Tingkat Keyakinan", ha="center", va="center",
297. fontsize=9, color="#555555")

298.

299. def draw_severity bar(ax, persen_bercak):

300. ax.set_xlim(e, 100)

301. ax.set_ylim(e, 1)

302. ax.axis("off")

303.

304. ax.add_patch(

305. mpatches.FancyBboxPatch(

306. (0, 0.25), 100, 0.5,

307. boxstyle="round, pad=0, rounding size=0.25",

308. facecolor="#EQEQEQ",

309. edgecolor="none"

310. )

311. )

312.

313. ax.add_patch(

314. mpatches.FancyBboxPatch(

315. (0, 0.25), min(persen_bercak, 100), 0.5,

316. boxstyle="round, pad=0, rounding_size=0.25",

317. facecolor="#E63946",

318. edgecolor="none"

319. )

320. )

321.

322. ax.text(

323. 0,

324. 1.0,

325. f"Area Bercak Terdeteksi : {persen_bercak:.1f}%",

326. fontsize=10,

327. fontweight="bold",

328. color=WARNA_AKSEN,

329. va="bottom"

330. )

331.

332. def draw_status_badge(ax, label, confidence):

333. ax.axis("off")

334. ax.set_xlim(e, 1)

335. ax.set_ylim(e, 1)

336. color = WARNA_SEHAT if label == "SEHAT" else WARNA_TIDAK_SEHAT
337. ikon = "\u2713" if label == "SEHAT" else "\u26A0"

338. ax.add_patch(mpatches.FancyBboxPatch((©.05, 0.15), 0.9, 0.7,
339. boxstyle="round, pad=0.02,rounding_size
=0.15",

340. facecolor=color, edgecolor="none",

alpha=0.15))




341.
342.
343,
344.
345,
346.
347.
348.
349,
350.
351,
352,
353,
354,
355,
356.
357.
358.
359.
360.
361.
362.
363.
364.
365.
366.
367.
368.
369.
370.
371.
372.
373.
374.
375.
376.
377.
378.
379.
380.
381.
382.
383.
384.
385.
386.
387.
388.
389.
390.
391.
392.
393,
394.
395.
396.
397.
.62,
398.
399,
400.
401.
402.
403.
4e4.
405.
406.

#

ax.text(0.5, 0.5, f"{ikon} {label}", ha="center", va="center",
fontsize=22, fontweight="bold", color=color)

# 6.

FIGUR UTAMA - DASHBOARD SATU GAMBAR

def

save_explanation_figure(filename, result):
color = WARNA_SEHAT if result["label"] == "SEHAT" else WARNA TIDAK_SEHAT
timestamp = datetime.datetime.now().strftime("%d %B %Y, %H:%M")

fig = plt.figure(figsize=(13, 8), facecolor="white")
gs = GridSpec(3, 4, figure=fig, height_ratios=[0.55, 3, 0.9],
width_ratios=[1, 1, 1, 1.1], hspace=0.45, wspace=0.25)

# --- Header ---

ax_header = fig.add_subplot(gs[0, :])

ax_header.axis("off")

ax_header.text (0.0, 0.7, "LAPORAN ANALISIS DAUN KRATOM", fontsize=17,
fontweight="bold", color=WARNA_AKSEN, ha="left")

ax_header.text (0.0, 0.15, os.path.basename(filename), fontsize=10.5,
color="#555555", ha="left")

ax_header.text (1.0, 0.7, timestamp, fontsize=9.5,
color="#888888", ha="right!)

ax_header.axhline(y=0, xmin=0, xmax=1, color="#DDDDDD", linewidth=1.2)

# --- Panel gambar: asli, Grad-CAM, deteksi bercak ---

axl = fig.add_subplot(gs[1, @])

ax1.imshow(result["img"])

ax1l.axis("off")

axl.set_title("Citra Asli", fontsize=11,
fontweight="bold", color=WARNA_AKSEN)

ax2 = fig.add_subplot(gs[1, 1])
if result["heatmap"] is not None:
ax2.imshow(result["img"])
ax2.imshow(result["heatmap"], cmap="jet", alpha=0.5)
ax2.set_title("Grad-CAM\n(Fokus Model)", fontsize=11,
fontweight="bold", color=WARNA_AKSEN)
else:
ax2.imshow(result["img"])
ax2.set_title("Grad-CAM\n(tidak tersedia)",
fontsize=11, color="#999999")
ax2.axis("off")

ax3 = fig.add_subplot(gs[1, 2])
overlay = result["img"].copy()
overlay[result["spot_mask"]] = [255, 0, 200]
ax3.imshow(overlay)
ax3.axis("off")
ax3.set_title("Deteksi Bercak\n(Analisis Warna)",
fontsize=11, fontweight="bold", color=WARNA_AKSEN)

# --- Panel kanan: badge status + gauge keyakinan ---
ax_badge = fig.add_subplot(gs[1, 3])
ax_badge.set_position([gs[1, 3].get_position(fig).xe,
gs[1, 3].get_position(
fig).y@ + gs[1, 3].get_position(fig).height *

gs[1, 3].get_position(fig).width,
gs[1, 3].get_position(fig).height * ©.35])
draw_status_badge(ax_badge, result["label"], result["confidence"])

ax_gauge = fig.add_axes([gs[1, 3].get_position(fig).xe,

gs[1, 3].get_position(fig).ye,

gs[1, 3].get_position(fig).width,

gs[1, 3].get_position(fig).height * ©.55])
draw_confidence_gauge(ax_gauge, result["confidence"], color)




407.

408. # --- Bar tingkat keparahan bercak (full width) ---

409. ax_bar = fig.add_subplot(gs[2, :2])

410. draw_severity_bar(ax_bar, result["persen_bercak"])

411.

412. # --- Keterangan naratif ---

413. ax_text = fig.add_subplot(gs[2, 2:])

414. ax_text.axis("off")

415. ax_text.text(0, 0.9, "Keterangan Otomatis:", fontsize=9.5,

416. fontweight="bold", color=WARNA_AKSEN, va="top")

417. ax_text.text(0, 0.55, result["keterangan"],

418. fontsize=9, color="#333333", va="top", wrap=True)
419.

420. out_name = os.path.splitext(os.path.basename(filename))[

421. 0] + " _penjelasan.png"

422. out_path = os.path.join(OUTPUT_DIR, out_name)

423. plt.savefig(out_path, dpi=170, facecolor="white", bbox_inches="tight")
424. plt.close()

425. return out_path

426.

427. #

428. # 7. DASHBOARD RINGKASAN FOLDER

429. #

430. def save_folder_dashboard(results):

431, n = len(results)

432. n_sehat = sum(1 for r in results if r["label"] == "SEHAT")

433. n_tidak = n - n_sehat

434. rata_keyakinan = np.mean([r["confidence"] for r in results])

435,

436. fig = plt.figure(figsize=(11, 6), facecolor="white")

437. gs = GridSpec(2, 3, figure=fig, height_ratios=[

438. 0.3, 1], hspace=0.5, wspace=0.35)

439.

440. ax_header = fig.add_subplot(gs[@, :])

441. ax_header.axis("off")

442. ax_header.text (0, 0.5, "DASHBOARD RINGKASAN PENGUJIAN DATASET",
443. fontsize=16, fontweight="bold", color=WARNA_AKSEN)
444, ax_header.axhline(y=0, xmin=0, xmax=1, color="#DDDDDD", linewidth=1.2)
445,

446. # Kartu statistik

447. kartu_info = [

448. (str(n), "Total Gambar Diuji", WARNA_AKSEN),

449. (str(n_sehat), "Terklasifikasi Sehat", WARNA_SEHAT),

450. (str(n_tidak), "Terklasifikasi Tidak Sehat", WARNA_TIDAK_SEHAT),
451. ]

452, for i, (angka, label, warna) in enumerate(kartu_info):

453, ax = fig.add_subplot(gs[1, i])

454, ax.axis("off")

455, ax.set_xlim(@, 1)

456. ax.set_ylim(e, 1)

457. ax.add_patch(mpatches.FancyBboxPatch((0.05, ©.05), 0.9, 0.9,
458, boxstyle="round, pad=0.02,rounding_
size=0.08",

459, facecolor=warna, alpha=0.12,

edgecolor=warna,

linewidth=1.5))

460. ax.text (0.5, 0.62, angka, ha="center", va="center",

461. fontsize=30, fontweight="bold", color=warna)

462. ax.text(0.5, 0.28, label, ha="center", va="center",

463. fontsize=10.5, color="#333333")

464.

465. plt.tight_layout()

466. out_path = os.path.join(OUTPUT_DIR, "dashboard_ringkasan.png")
467. plt.savefig(out_path, dpi=170, facecolor="white", bbox_inches="tight")
468. plt.close()

469.

470. # --- Grafik distribusi keyakinan ---

471. fig2, ax = plt.subplots(figsize=(7, 4.5), facecolor="white")




472. labels_list = [r["label"] for r in results]

473. conf_list = [r["confidence"] for r in results]

474. colors_list = [WARNA_SEHAT if 1 ==

475. "SEHAT" else WARNA_TIDAK_SEHAT for 1 in labels_list]
476. files_list = [os.path.splitext(r["file"])[@] for r in results]
477.

478. bars = ax.barh(files_list, conf_list, color=colors_list)

479. ax.set_xlabel("Tingkat Keyakinan (%)")

480. ax.set_title("Tingkat Keyakinan Model per Gambar",

481. fontweight="bold", color=WARNA_AKSEN)

482. ax.set_xlim(e, 105)

483. for bar, conf in zip(bars, conf_list):

484. ax.text(bar.get_width() + 1, bar.get_y() + bar.get_height() / 2,
485. f"{conf:.1f}%", va="center", fontsize=8.5)

486. plt.tight_layout()

487. out_path2 = os.path.join(OUTPUT_DIR, "grafik_keyakinan_per_gambar.png")
488. plt.savefig(out_path2, dpi=170, facecolor="white")

489. plt.close()

490.

491. return out_path, out_path2, n_sehat, n_tidak, rata_keyakinan
492.

493. #

494. # 8. MAIN

495. #

496. def run_single(image_path):

497. result = predict_and_explain(image_path)

498. out_path = save_explanation_figure(image_path, result)

499.

500. print(f"\nGambar : {image_path}")

501. print(f"Hasil : {result['label']}")

502. print(f"Keyakinan : {result['confidence']:.2f}%")

503. print(f"Bercak : {result[ 'persen_bercak']:.2f}% area daun")
504. print(f"Keterangan : {result['keterangan']}")

505. print(f"\n[INFO] Dashboard hasil disimpan di: {out_path}")
506.

507. def run_folder(folder_path):

508. valid ext = (".jpg", ".jpeg", ".png", ".bmp")

509. results = []

510. for filename in sorted(os.listdir(folder path)):

511. if not filename.lower().endswith(valid_ext):

512. continue

513. filepath = os.path.join(folder_path, filename)

514. result = predict_and_explain(filepath)

515. out_path = save_explanation_figure(filepath, result)

516. result["file"] = filename

517. results.append(result)

518. print(f"{filename:35s} -> {result['label']:12s} "

519. f"({result['confidence']:.2f}%, bercak

{result[ 'persen_bercak']:.1f}%) "

520. f"[disimpan: {out_path}]")

521.

522. if not results:

523. print(

524. f"[PERINGATAN] Tidak ada gambar ditemukan di folder
'{folder_path}'.")

525. return

526.

527. dash_path, chart_path, n_sehat, n_tidak, rata = save_folder_dashboard(
528. results)

529. print("\n=== DASHBOARD RINGKASAN ===")

530. print(

531. f"Total : {len(results)} | Sehat: {n_sehat} | Tidak Sehat:
{n_tidak}")

532. print(f"Rata-rata keyakinan model: {rata:.2f}%")

533. print(f"Dashboard : {dash_path}")

534. print(f"Grafik : {chart_path}")

535.




536. if __name__ == "__main__ ":

537. parser = argparse.ArgumentParser(

538. description="Prediksi + dashboard visual (Grad-CAM & deteksi bercak)
daun kratom")

539. parser.add_argument("--image", type=str, help="Path ke satu file gambar")
540. parser.add_argument("--folder", type=str,

541. help="Path ke folder berisi banyak gambar")

542. args = parser.parse_args()

543.

544. if args.image:

545. run_single(args.image)

546. elif args.folder:

547. run_folder(args.folder)

548. else:

549. print(

550. "Gunakan salah satu argumen: --image <path_gambar> atau --folder

<path_folder>")




