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Using Function
endistepway(LaL, LsWs, HCLs, DcHs):
LaL: Approach channel ratio
LsWs: Step top geometric ratio
HCLs: Spillway angle
DcHs: Step height ratio

# Sample Function call
#endistepway(0.000, 0.639, 0.157, 1.335)  
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"""
import numpy as np
import skfuzzy as fuzz
import matplotlib.pyplot as plt

def endistepway(LaL, LsWs, HCLs, DcHs):
    # Generate universe variables
    #   * La/L on subjective ranges [0, 0.30]
    #   * Ls/Ws on subjective ranges [0, 0.64]
    #   * H/CLs on subjective ranges [0, 1.05]
    #   * Dc/Hs on subjective ranges [0, 3.60]
    #   * EL/EO on subjective ranges [52, 99]
    x_LaL = np.arange(0, 0.30, 0.001)
    x_LsWs = np.arange(0.08, 0.64, 0.001)
    x_HCLs = np.arange(0.15, 1.01, 0.001)
    x_DcHs = np.arange(0, 3.6, 0.001)
    x_ELEO  = np.arange(55, 97, 0.001)
    
    # Generate fuzzy membership functions
    LaL_lo = fuzz.trapmf(x_LaL, [0, 0, 0.02, 0.3])
    LaL_hi = fuzz.trapmf(x_LaL, [0, 0.28, 0.3, 0.30])
    
    LsWs_vl = fuzz.trapmf(x_LsWs, [0.08, 0.08, 0.08, 0.164])
    LsWs_lo = fuzz.trimf(x_LsWs, [0.08, 0.164, 0.208])
    LsWs_md = fuzz.trimf(x_LsWs, [0.164, 0.208, 0.350])
    LsWs_hi = fuzz.trimf(x_LsWs, [0.208, 0.350, 0.639])
    LsWs_vhi = fuzz.trapmf(x_LsWs, [0.350, 0.639, 0.64, 0.64])
    
    HCLs_vl = fuzz.trapmf(x_HCLs, [0.15, 0.15, 0.157, 0.50])
    HCLs_lo = fuzz.trimf(x_HCLs, [0.157, 0.501, 0.577])
    HCLs_md = fuzz.trimf(x_HCLs, [0.501, 0.577, 1.0])
    HCLs_hi = fuzz.trapmf(x_HCLs, [0.577, 1.0, 1.01, 1.01])
    
    DcHs_vl = fuzz.trapmf(x_DcHs, [0, 0, 0.35, 1])
    DcHs_lo = fuzz.trimf(x_DcHs, [0.35, 1.05, 1.75])
    DcHs_md = fuzz.trimf(x_DcHs, [1.05, 1.75, 2.45])
    DcHs_hi = fuzz.trimf(x_DcHs, [1.75, 2.45, 3.15])
    DcHs_vhi = fuzz.trapmf(x_DcHs, [2.45, 3.15, 3.6, 3.6])
    
    ELEO_vl = fuzz.trapmf(x_ELEO, [55, 55, 59.5, 68.5])
    ELEO_lo = fuzz.trimf(x_ELEO, [59.5, 68.5, 77.5])
    ELEO_md = fuzz.trimf(x_ELEO, [68.5, 77.5, 86.5])
    ELEO_hi = fuzz.trimf(x_ELEO, [77.5, 86.5, 95.5])
    ELEO_vhi = fuzz.trapmf(x_ELEO, [86.5, 95.5, 97, 97])
    
    # Visualize these universes and membership functions
    fig, (ax0, ax1, ax2, ax3, ax4) = plt.subplots(nrows=5, figsize=(10, 15))
    ax0.plot(x_LaL, LaL_lo, 'b', linewidth=1.5, label='Low')
    ax0.plot(x_LaL, LaL_hi, 'r', linewidth=1.5, label='High')
    ax0.set_title('Approach channel ratio')
    ax0.legend()
       
    ax1.plot(x_LsWs, LsWs_vl, 'y', linewidth=1.5, label='Very Low')
    ax1.plot(x_LsWs, LsWs_lo, 'b', linewidth=1.5, label='Low')
    ax1.plot(x_LsWs, LsWs_md, 'g', linewidth=1.5, label='Medium')
    ax1.plot(x_LsWs, LsWs_hi, 'r', linewidth=1.5, label='High')
    ax1.plot(x_LsWs, LsWs_vhi, 'm', linewidth=1.5, label='Very High')
    ax1.set_title('Step top geometric ratio')
    ax1.legend()
       
    ax2.plot(x_HCLs, HCLs_vl, 'y', linewidth=1.5, label='Very Low')
    ax2.plot(x_HCLs, HCLs_lo, 'b', linewidth=1.5, label='Low')
    ax2.plot(x_HCLs, HCLs_md, 'g', linewidth=1.5, label='Medium')
    ax2.plot(x_HCLs, HCLs_hi, 'r', linewidth=1.5, label='High')
    ax2.set_title('Spillway angle')
    ax2.legend()
       
    ax3.plot(x_DcHs, DcHs_vl, 'y', linewidth=1.5, label='Very Low')
    ax3.plot(x_DcHs, DcHs_lo, 'b', linewidth=1.5, label='Low')
    ax3.plot(x_DcHs, DcHs_md, 'g', linewidth=1.5, label='Medium')
    ax3.plot(x_DcHs, DcHs_hi, 'r', linewidth=1.5, label='High')
    ax3.plot(x_DcHs, DcHs_vhi, 'm', linewidth=1.5, label='Very High')
    ax3.set_title('Step height ratio')
    ax3.legend()
       
    ax4.plot(x_ELEO, ELEO_vl, 'y', linewidth=1.5, label='Very Low')
    ax4.plot(x_ELEO, ELEO_lo, 'b', linewidth=1.5, label='Low')
    ax4.plot(x_ELEO, ELEO_md, 'g', linewidth=1.5, label='Medium')
    ax4.plot(x_ELEO, ELEO_hi, 'r', linewidth=1.5, label='High')
    ax4.plot(x_ELEO, ELEO_vhi, 'm', linewidth=1.5, label='Very High')
    ax4.set_title('Energy dissipation ratio')
    ax4.legend()
       
    # Turn off top/right axes
    for ax in (ax0, ax1, ax2, ax3, ax4):
       ax.spines['top'].set_visible(False)
       ax.spines['right'].set_visible(False)
       ax.get_xaxis().tick_bottom()
       ax.get_yaxis().tick_left()
       
    plt.tight_layout()
       
           
     # We need the activation of our fuzzy membership functions at these values.
     # The exact values LaL, LsWs, HCLs, and DcHs do not exist on our universes...
     # This is what fuzz.interp_membership exists for!
    
    LaL_level_lo = fuzz.interp_membership(x_LaL, LaL_lo, LaL)
    LaL_level_hi = fuzz.interp_membership(x_LaL, LaL_hi, LaL)
       
    LsWs_level_vl = fuzz.interp_membership(x_LsWs, LsWs_vl, LsWs)
    LsWs_level_lo = fuzz.interp_membership(x_LsWs, LsWs_lo, LsWs)
    LsWs_level_md = fuzz.interp_membership(x_LsWs, LsWs_md, LsWs)
    LsWs_level_hi = fuzz.interp_membership(x_LsWs, LsWs_hi, LsWs)
    LsWs_level_vhi = fuzz.interp_membership(x_LsWs, LsWs_vhi, LsWs)
       
    HCLs_level_vl = fuzz.interp_membership(x_HCLs, HCLs_vl, HCLs)
    HCLs_level_lo = fuzz.interp_membership(x_HCLs, HCLs_lo, HCLs)
    HCLs_level_md = fuzz.interp_membership(x_HCLs, HCLs_md, HCLs)
    HCLs_level_hi = fuzz.interp_membership(x_HCLs, HCLs_hi, HCLs)
       
    DcHs_level_vl = fuzz.interp_membership(x_DcHs, DcHs_vl, DcHs)
    DcHs_level_lo = fuzz.interp_membership(x_DcHs, DcHs_lo, DcHs)
    DcHs_level_md = fuzz.interp_membership(x_DcHs, DcHs_md, DcHs)
    DcHs_level_hi = fuzz.interp_membership(x_DcHs, DcHs_hi, DcHs)
    DcHs_level_vhi = fuzz.interp_membership(x_DcHs, DcHs_vhi, DcHs)
       
    #Rules 
    #yellow line
    #active_rule = np.fmin(LaL_level_lo, np.fmin(LsWs_level_md, np.fmin(HCLs_level_md, DcHs_level_)))
    #light blue
    #active_rule = np.fmin(LaL_level_lo, np.fmin(LsWs_level_vhi, np.fmin(HCLs_level_vl, DcHs_level_)))
    #dark blue
    #active_rule = np.fmin(LaL_level_lo, np.fmin(LsWs_level_lo, np.fmin(HCLs_level_lo, DcHs_level_)))
    #green
    #active_rule = np.fmin(LaL_level_lo, np.fmin(LsWs_level_vl, np.fmin(HCLs_level_hi, DcHs_level_)))
    #blue
    #active_rule = np.fmin(LaL_level_lo, np.fmin(LsWs_level_lo, np.fmin(HCLs_level_hi, DcHs_level_)))
    #orange
    #active_rule = np.fmin(LaL_level_lo, np.fmin(LsWs_level_hi, np.fmin(HCLs_level_lo, DcHs_level_)))
    #gray
    #active_rule = np.fmin(LaL_level_hi, np.fmin(LsWs_level_hi, np.fmin(HCLs_level_lo, DcHs_level_)))
       
    # For very high ELEO
    # Now we take our rules and apply them. 
    # The OR operator means we take the maximum of these two.
    active_rule1 = DcHs_level_vl
       
       
    # Now we apply this by clipping the top off the corresponding output
    # membership function with `np.fmin`
    ELEO_activation_vhi = np.fmin(active_rule1, ELEO_vhi) 
       
       
    # For high ELEO
    # Now we take our rules and apply them.
    active_rule2 = np.fmin(LaL_level_lo, np.fmin(LsWs_level_hi, np.fmin(HCLs_level_lo, DcHs_level_vl)))
    active_rule3 = np.fmin(LaL_level_lo, np.fmin(LsWs_level_lo, np.fmin(HCLs_level_hi, DcHs_level_vl)))
    active_rule4 = np.fmin(LaL_level_lo, np.fmin(LsWs_level_vhi, np.fmin(HCLs_level_vl, DcHs_level_lo)))
    active_rule5 = np.fmin(LaL_level_lo, np.fmin(LsWs_level_lo, np.fmin(HCLs_level_lo, DcHs_level_lo)))
    active_rule6 = np.fmin(LaL_level_lo, np.fmin(LsWs_level_vl, np.fmin(HCLs_level_hi, DcHs_level_lo)))
    active_rule7 = np.fmin(LaL_level_lo, np.fmin(LsWs_level_md, np.fmin(HCLs_level_md, DcHs_level_md)))
       
    # Now we apply this by clipping the top off the corresponding output
    # membership function with `np.fmin`
    ELEO_activation_hi1 = np.fmin(active_rule2, ELEO_hi)  
    ELEO_activation_hi2 = np.fmin(active_rule3, ELEO_hi)  
    ELEO_activation_hi3 = np.fmin(active_rule4, ELEO_hi)  
    ELEO_activation_hi4 = np.fmin(active_rule5, ELEO_hi)  
    ELEO_activation_hi5 = np.fmin(active_rule6, ELEO_hi)  
    ELEO_activation_hi6 = np.fmin(active_rule7, ELEO_hi)  
       
       
    ELEO_activation_hi= np.fmax(ELEO_activation_hi1, np.fmax(ELEO_activation_hi2, 
       np.fmax(ELEO_activation_hi3, np.fmax(ELEO_activation_hi4, 
       np.fmax(ELEO_activation_hi5, ELEO_activation_hi6))))) 
       
       
    # For medium ELEO
    active_rule8 = np.fmin(LaL_level_lo, np.fmin(LsWs_level_hi, np.fmin(HCLs_level_lo, DcHs_level_lo)))
    active_rule9 = np.fmin(LaL_level_lo, np.fmin(LsWs_level_lo, np.fmin(HCLs_level_hi, DcHs_level_lo)))
    active_rule10 = np.fmin(LaL_level_lo, np.fmin(LsWs_level_vl, np.fmin(HCLs_level_hi, DcHs_level_md)))
    active_rule11 = np.fmin(LaL_level_lo, np.fmin(LsWs_level_lo, np.fmin(HCLs_level_lo, DcHs_level_md)))
    active_rule12 = np.fmin(LaL_level_lo, np.fmin(LsWs_level_vhi, np.fmin(HCLs_level_vl, DcHs_level_md)))
    active_rule13 = np.fmin(LaL_level_lo, np.fmin(LsWs_level_md, np.fmin(HCLs_level_md, DcHs_level_hi)))
       
    # Now we apply this by clipping the top off the corresponding output
    # membership function with `np.fmin`
    ELEO_activation_md1 = np.fmin(active_rule8, ELEO_md) 
    ELEO_activation_md2 = np.fmin(active_rule9, ELEO_md)
    ELEO_activation_md3 = np.fmin(active_rule10, ELEO_md) 
    ELEO_activation_md4 = np.fmin(active_rule11, ELEO_md)
    ELEO_activation_md5 = np.fmin(active_rule12, ELEO_md) 
    ELEO_activation_md6 = np.fmin(active_rule13, ELEO_md)
    
       
    ELEO_activation_md= np.fmax(ELEO_activation_md1, np.fmax(ELEO_activation_md2, 
       np.fmax(ELEO_activation_md3, np.fmax(ELEO_activation_md4, 
       np.fmax(ELEO_activation_md5, ELEO_activation_md6)))))
       
               
    # For low ELEO
    active_rule14 = np.fmin(LaL_level_hi, np.fmin(LsWs_level_hi, np.fmin(HCLs_level_lo, DcHs_level_lo)))
    active_rule15 = np.fmin(LaL_level_lo, np.fmin(LsWs_level_vhi, np.fmin(HCLs_level_vl, DcHs_level_hi)))
       
       
    ELEO_activation_lo1 = np.fmin(active_rule14, ELEO_lo)
    ELEO_activation_lo2 = np.fmin(active_rule15, ELEO_lo)
       
       
    ELEO_activation_lo= np.fmax(ELEO_activation_lo1, ELEO_activation_lo2)
       
    # For very low ELEO
       
    active_rule16 = np.fmin(LaL_level_hi, np.fmin(LsWs_level_hi, np.fmin(HCLs_level_lo, DcHs_level_md)))
    active_rule17 = np.fmin(LaL_level_lo, np.fmin(LsWs_level_vhi, np.fmin(HCLs_level_vl, DcHs_level_vhi)))
       
    ELEO_activation_vl1 = np.fmin(active_rule16, ELEO_vl)
    ELEO_activation_vl2 = np.fmin(active_rule17, ELEO_vl)
       
       
    ELEO_activation_vl= np.fmax(ELEO_activation_vl1, ELEO_activation_vl2)
       
    ELEO0 = np.zeros_like(x_ELEO)
       
    # Visualize this
    fig, ax0 = plt.subplots(figsize=(8, 3))
       
    ax0.fill_between(x_ELEO, ELEO0, ELEO_activation_vl, facecolor='y', alpha=0.7)
    ax0.plot(x_ELEO, ELEO_vl, 'y', linewidth=0.5, linestyle='--', )
    ax0.fill_between(x_ELEO, ELEO0, ELEO_activation_lo, facecolor='b', alpha=0.7)
    ax0.plot(x_ELEO, ELEO_lo, 'b', linewidth=0.5, linestyle='--', )
    ax0.fill_between(x_ELEO, ELEO0, ELEO_activation_md, facecolor='g', alpha=0.7)
    ax0.plot(x_ELEO, ELEO_md, 'g', linewidth=0.5, linestyle='--')
    ax0.fill_between(x_ELEO, ELEO0, ELEO_activation_hi, facecolor='r', alpha=0.7)
    ax0.plot(x_ELEO, ELEO_hi, 'r', linewidth=0.5, linestyle='--')
    ax0.fill_between(x_ELEO, ELEO0, ELEO_activation_vhi, facecolor='m', alpha=0.7)
    ax0.plot(x_ELEO, ELEO_vhi, 'm', linewidth=0.5, linestyle='--')
    ax0.set_title('Output membership activity')
       
    # Turn off top/right axes
    for ax in (ax0,):
       ax.spines['top'].set_visible(False)
       ax.spines['right'].set_visible(False)
       ax.get_xaxis().tick_bottom()
       ax.get_yaxis().tick_left()
       
    plt.tight_layout()
       
    # Aggregate all four output membership functions together
    aggregated = np.fmax(ELEO_activation_vl, np.fmax(ELEO_activation_lo,
    np.fmax(ELEO_activation_md, np.fmax(ELEO_activation_hi, ELEO_activation_vhi))))
       
    # Calculate defuzzified result
    ELEO = fuzz.defuzz(x_ELEO, aggregated, 'centroid')
    ELEO_activation = fuzz.interp_membership(x_ELEO, aggregated, ELEO)  # for plot
       
    # Visualize this
    fig, ax0 = plt.subplots(figsize=(8, 3))
       
    ax0.plot(x_ELEO, ELEO_vl, 'y', linewidth=0.5, linestyle='--', )
    ax0.plot(x_ELEO, ELEO_lo, 'b', linewidth=0.5, linestyle='--', )
    ax0.plot(x_ELEO, ELEO_md, 'g', linewidth=0.5, linestyle='--')
    ax0.plot(x_ELEO, ELEO_hi, 'r', linewidth=0.5, linestyle='--')
    ax0.plot(x_ELEO, ELEO_vhi, 'm', linewidth=0.5, linestyle='--')
    ax0.fill_between(x_ELEO, ELEO0, aggregated, facecolor='Orange', alpha=0.7)
    ax0.plot([ELEO, ELEO], [0, ELEO_activation], 'k', linewidth=1.5, alpha=0.9)
    ax0.set_title('Aggregated membership and result (line)')
       
    # Turn off top/right axes
    for ax in (ax0,):
       ax.spines['top'].set_visible(False)
       ax.spines['right'].set_visible(False)
       ax.get_xaxis().tick_bottom()
       ax.get_yaxis().tick_left()
       
    plt.tight_layout()
       
    print(ELEO)

# Sample Function call
#endistepway(LaL=0.000, LsWs=0.639, HCLs=0.157, DcHs=1.335)  
