import numpy as np
import matplotlib.pyplot as plt
import ipywidgets as widgets
from IPython.display import display, clear_output
import os

style = {'description_width': 'initial'}
wave_type = widgets.Dropdown(
    options=[('雙相方波 Biphasic Wave', 'biphasic'), ('單相方波 Square Wave', 'square'), ('弦波 Sine Wave', 'sine')], 
    value='biphasic', description='波形類型:', style=style
)
freq_in = widgets.FloatText(value=50.0, description='頻率 Frequency (Hz):', style=style)
pw_in = widgets.FloatText(value=8.0, description='單一脈寬 Pulse Width (ms):', style=style)
rep_in = widgets.IntText(value=10, description='重複次數 Repeat:', style=style)
path_in = widgets.Text(value=r'C:\Users\Patrick.yu\Desktop\Stim_Wave.modulation', description='儲存檔案:', style=style)

btn_preview = widgets.Button(description="更新預覽圖", button_style='info')
btn_save = widgets.Button(description="導出並自動換算為秒", button_style='success')
out = widgets.Output()

pw_container = widgets.VBox([pw_in])


def generate_wave_data(w_type, f, pw_ms, rep):
    period_s = 1.0 / f
    total_time_s = period_s * rep
    
    if w_type == 'biphasic':
        pw_s = pw_ms / 1000.0
        times_s = []
        values = []
        curr_t = 0.0
        
        if 2 * pw_s > period_s:
            raise ValueError(f"錯誤：脈寬過大！在 {f}Hz 下，週期僅為 {period_s*1000}ms，無法容納兩個 {pw_ms}ms 的脈衝。")
            
        for i in range(rep):
            times_s.append(curr_t); values.append(1.0)
            curr_t += pw_s
            times_s.append(curr_t); values.append(1.0)
            times_s.append(curr_t); values.append(-1.0) 
            curr_t += pw_s
            times_s.append(curr_t); values.append(-1.0)
            times_s.append(curr_t); values.append(0.0)  
            curr_t += (period_s - 2 * pw_s)
            times_s.append(curr_t); values.append(0.0)
        return np.array(times_s), np.array(values)
        
    elif w_type == 'square':
        pw_s = pw_ms / 1000.0
        times_s = []
        values = []
        curr_t = 0.0
        
        if pw_s > period_s:
            raise ValueError(f"錯誤：脈寬過大！無法超過週期 {period_s*1000}ms。")
            
        for i in range(rep):
            times_s.append(curr_t); values.append(1.0)
            curr_t += pw_s
            times_s.append(curr_t); values.append(1.0)
            times_s.append(curr_t); values.append(0.0)
            curr_t += (period_s - pw_s)
            times_s.append(curr_t); values.append(0.0)
        return np.array(times_s), np.array(values)
        
    else:
        t_s = np.linspace(0, total_time_s, 200 * rep)
        v = np.sin(2 * np.pi * f * t_s)
        return t_s, v

def show_preview(b):
    with out:
        clear_output(wait=True)
        try:
            t_s, v = generate_wave_data(wave_type.value, freq_in.value, pw_in.value, rep_in.value)
            plt.figure(figsize=(10, 3))
            if wave_type.value in ['square', 'biphasic']:
                plt.step(t_s * 1000, v, where='post', color='blue', lw=1.5)
            else:
                plt.plot(t_s * 1000, v, color='red', lw=1.5)
            plt.title(f"Preview ({wave_type.value} | UI displays ms | File saves as s)")
            plt.xlabel("Time (ms)")
            plt.ylabel("A(t)")
            plt.grid(True, alpha=0.3)
            plt.show()
            print(f" 參數確認：{freq_in.value} Hz | 總時長：{t_s[-1]*1000:.2f} ms")
        except Exception as e:
            print(f" 錯誤: {e}")

def save_mod_file(b):
    try:
        t_s, v = generate_wave_data(wave_type.value, freq_in.value, pw_in.value, rep_in.value)
        save_path = path_in.value
        if not save_path.lower().endswith('.modulation'): save_path += ".modulation"
        
        with open(save_path, 'w', encoding='utf-8') as f:
            f.write("#t            A(t)\n")
            for ts, val in zip(t_s, v):
                f.write(f"{ts:.10f}\t{val:.6f}\n")
        
        with out:
            print(f" 導出成功！檔案：{save_path}")
    except Exception as e:
        with out: print(f" 導出失敗: {e}")

# 4. 介面連動
def on_type_change(change):
    if change['new'] == 'sine':
        pw_container.layout.display = 'none'
    else:
        pw_container.layout.display = 'block'
    show_preview(None)

wave_type.observe(on_type_change, names='value')
btn_preview.on_click(show_preview)
btn_save.on_click(save_mod_file)

# 顯示 UI
ui = widgets.VBox([
    widgets.HTML("<h2>調變波型產生器</h2>"),
    wave_type, freq_in, pw_container, rep_in, path_in,
    widgets.HBox([btn_preview, btn_save]),
    out
])
display(ui)
show_preview(None)
