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Lampiran 1. Data Kandungan pH Air Budidaya Ikan Lele di Kelompok Perikanan 
Bina Bersama Kota Makassar 

Subgrup / 
Pengamatan 

(𝒊) 

Sampel bak pembibitan (𝒋) 

1 2 3 4 5 6 7 8 9 10 

1 8 7.9 7.7 8 6.7 8 7.9 8.2 8 7.6 

2 7.9 7.85 7.9 8 7.9 7.9 7.4 7.95 8.15 8.05 

3 7.9 7.7 7.8 8 6.8 8 7.9 8.3 8.1 8.1 

4 7.9 7.8 7.8 7.95 7.9 7.9 7.4 7.9 8.15 8.1 

5 8 7.8 7.7 8 6.8 7.9 7.9 8.1 8 8.1 

6 7.85 7.8 7.85 8 7.9 7.9 7.4 7.95 8.15 8.1 

7 7.85 7.85 7.8 8 7.9 7.9 7.4 8 8.15 8.1 

8 7.9 7.9 7.75 8 7.9 7.9 7.35 8 8.15 8.1 

9 7.85 7.85 7.9 8 7.9 7.95 7.4 8 8.15 8.1 

10 6.8 7.9 7.7 8 6.8 7.9 7.9 8 8 8 

11 7.9 7.7 7.9 8 6.4 7.9 8 8.1 8 8 

12 7.9 7.85 7.75 8 7.9 7.9 7.4 7.95 8.15 8.1 

13 7.85 7.85 7.85 7.95 7.9 7.9 7.4 7.95 8.15 8.05 

14 7.8 7.85 7.8 7.95 7.9 7.9 7.4 7.95 8.15 8.05 

15 7.8 7.8 7.8 7.9 6.8 7.8 7.8 6.8 7.9 6.8 

16 7.9 7.8 7.8 7.9 6.8 7.8 7.9 8.1 8 8.1 

17 8 7.7 7.9 8 6.6 7.8 7.9 8.2 8 8.1 

18 7.9 7.9 7.9 8 7.9 7.9 7.3 7.95 8.15 8.1 

19 7.2 7.8 7.9 7.9 7.2 7.9 7.9 8.2 8.1 8.1 

20 7.9 7.8 7.8 7.9 7.9 7.9 7.4 7.9 8.1 8.05 

21 7.9 7.9 7.8 8 7.9 7.9 7.4 7.95 8.15 8.1 

22 7.9 7.8 7.8 7.9 6.8 7.9 7.9 6.8 8 7.8 

23 6.7 7.8 7.8 7.9 6.8 7.8 7.8 8.1 8 8.1 

24 7.9 7.85 7.8 7.95 7.9 7.95 7.4 8 8.1 8.1 

25 7.8 7.85 7.8 7.9 7.9 7.9 7.35 7.85 8.15 8.05 

26 8 7.8 7.8 7.9 6.8 7.8 7.8 8.2 8 8 

27 8 7.9 7.9 8 6.8 7.9 8 8.2 8.1 8 

28 7.8 7.8 7.8 7.95 7.9 7.9 7.4 7.85 8.15 8.1 

29 6.6 7.8 7.8 7.9 6.8 8 7.8 8.4 7.9 8.1 

30 7.9 7.9 7.9 8 6.6 8 7.9 8.4 8 8.1 
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Lampiran 2. Nilai xi, dan IQR untuk Setiap Subgrup Pengamatan 

𝒊 𝒙𝒊 IQR 

1 7,8 0.250 

2 7,9 0.087 

3 7,86 0.250 

4 7,88 0.113 

5 7,83 0.175 

6 7,89 0.138 

7 7,895 0.150 

8 7,895 0.100 

9 7,91 0.138 

10 7,7 0.250 

11 7,79 0.100 

12 7,89 0.125 

13 7,885 0.100 

14 7,875 0.138 

15 7,52 0.750 

16 7,81 0.175 

17 7,82 0.175 

18 7,9 0.087 

19 7,82 0.225 

20 7,865 0.075 

21 7,9 0.087 

22 7,66 0.100 

23 7,68 0.175 

24 7,895 0.125 

25 7,855 0.088 

26 7,81 0.200 

27 7,88 0.100 

28 7,865 0.138 

29 7,71 0.175 

30 7,87 0.100 

Rata-Rata 7,8287 0,1629 
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Lampiran 3. Nilai xi, Median, MAD, dan Biweight untuk Setiap Subgrup Pengamatan 

𝒊 𝒙𝒊 Median MAD Biweight 

1 7,8 7.95 0.074 0.189 

2 7,9 7.90 0.074 0.131 

3 7,86 7.95 0.222 0.291 

4 7,88 7.90 0.111 0.176 

5 7,83 7.95 0.148 0.157 

6 7,89 7.90 0.111 0.179 

7 7,895 7.90 0.148 0.194 

8 7,895 7.90 0.148 0.202 

9 7,91 7.93 0.111 0.168 

10 7,7 7.90 0.148 0.171 

11 7,79 7.95 0.074 0.114 

12 7,89 7.90 0.111 0.185 

13 7,885 7.90 0.074 0.129 

14 7,875 7.90 0.111 0.171 

15 7,52 7.80 0.074 0.067 

16 7,81 7.90 0.148 0.150 

17 7,82 7.95 0.148 0.161 

18 7,9 7.90 0.037 0.089 

19 7,82 7.90 0.222 0.343 

20 7,865 7.90 0.074 0.126 

21 7,9 7.90 0.111 0.176 

22 7,66 7.85 0.074 0.084 

23 7,68 7.80 0.222 0.423 

24 7,895 7.93 0.111 0.162 

25 7,855 7.88 0.074 0.138 

26 7,81 7.85 0.148 0.194 

27 7,88 8.00 0.148 0.114 

28 7,865 7.88 0.111 0.186 

29 7,71 7.85 0.148 0.301 

30 7,87 7.95 0.074 0.113 

Rata-Rata 7,8287 7,9017 0,1198 0,1762 
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Lampiran 4. Titik Plot, UCL, LCL, CL, dan 𝑊𝑖 Peta Kendali REWMA dengan 

estimator IQR 

𝒊 
𝝀 = 𝟎, 𝟎𝟏 

Ket. 
𝝀 = 𝟎, 𝟐𝟓 

Ket. 
UCL LCL CL 𝑾𝒊 UCL LCL CL 𝑾𝒊 

1 7.837 7.820 7.829 7.828 IN 7.873 7.784 7.829 7.822 IN 

2 7.837 7.820 7.829 7.829 IN 7.873 7.784 7.829 7.841 IN 

3 7.837 7.820 7.829 7.829 IN 7.873 7.784 7.829 7.846 IN 

4 7.837 7.820 7.829 7.830 IN 7.873 7.784 7.829 7.854 IN 

5 7.837 7.820 7.829 7.830 IN 7.873 7.784 7.829 7.848 IN 

6 7.837 7.820 7.829 7.831 IN 7.873 7.784 7.829 7.859 IN 

7 7.837 7.820 7.829 7.831 IN 7.873 7.784 7.829 7.868 IN 

8 7.837 7.820 7.829 7.832 IN 7.873 7.784 7.829 7.875 OUT 

9 7.837 7.820 7.829 7.833 IN 7.873 7.784 7.829 7.883 OUT 

10 7.837 7.820 7.829 7.831 IN 7.873 7.784 7.829 7.838 IN 

11 7.837 7.820 7.829 7.831 IN 7.873 7.784 7.829 7.826 IN 

12 7.837 7.820 7.829 7.831 IN 7.873 7.784 7.829 7.842 IN 

13 7.837 7.820 7.829 7.832 IN 7.873 7.784 7.829 7.853 IN 

14 7.837 7.820 7.829 7.832 IN 7.873 7.784 7.829 7.858 IN 

15 7.837 7.820 7.829 7.829 IN 7.873 7.784 7.829 7.774 OUT 

16 7.837 7.820 7.829 7.829 IN 7.873 7.784 7.829 7.783 OUT 

17 7.837 7.820 7.829 7.829 IN 7.873 7.784 7.829 7.792 IN 

18 7.837 7.820 7.829 7.830 IN 7.873 7.784 7.829 7.819 IN 

19 7.837 7.820 7.829 7.830 IN 7.873 7.784 7.829 7.819 IN 

20 7.837 7.820 7.829 7.830 IN 7.873 7.784 7.829 7.831 IN 

21 7.837 7.820 7.829 7.831 IN 7.873 7.784 7.829 7.848 IN 

22 7.837 7.820 7.829 7.829 IN 7.873 7.784 7.829 7.801 IN 

23 7.837 7.820 7.829 7.827 IN 7.873 7.784 7.829 7.771 OUT 

24 7.837 7.820 7.829 7.828 IN 7.873 7.784 7.829 7.802 IN 

25 7.837 7.820 7.829 7.828 IN 7.873 7.784 7.829 7.815 IN 

26 7.837 7.820 7.829 7.828 IN 7.873 7.784 7.829 7.814 IN 

27 7.837 7.820 7.829 7.829 IN 7.873 7.784 7.829 7.830 IN 

28 7.837 7.820 7.829 7.829 IN 7.873 7.784 7.829 7.839 IN 

29 7.837 7.820 7.829 7.828 IN 7.873 7.784 7.829 7.807 IN 

30 7.837 7.820 7.829 7.828 IN 7.873 7.784 7.829 7.823 IN 

 
Keterangan: 

IN : In Control 

OUT : Out of Control 
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Lampiran 4. Titik Plot, UCL, LCL, CL, dan 𝑊𝑖 Peta Kendali REWMA dengan 

estimator IQR (Lanjutan) 

𝒊 
𝝀 = 𝟎, 𝟓 

Ket. 
𝝀 = 𝟎, 𝟕𝟓 

Ket. 
UCL LCL CL 𝑾𝒊 UCL LCL CL 𝑾𝒊 

1 7.897 7.761 7.829 7.814 IN 7.920 7.737 7.829 7.807 IN 

2 7.897 7.761 7.829 7.857 IN 7.920 7.737 7.829 7.877 IN 

3 7.897 7.761 7.829 7.859 IN 7.920 7.737 7.829 7.864 IN 

4 7.897 7.761 7.829 7.869 IN 7.920 7.737 7.829 7.876 IN 

5 7.897 7.761 7.829 7.850 IN 7.920 7.737 7.829 7.842 IN 

6 7.897 7.761 7.829 7.870 IN 7.920 7.737 7.829 7.878 IN 

7 7.897 7.761 7.829 7.882 IN 7.920 7.737 7.829 7.891 IN 

8 7.897 7.761 7.829 7.889 IN 7.920 7.737 7.829 7.894 IN 

9 7.897 7.761 7.829 7.899 OUT 7.920 7.737 7.829 7.906 IN 

10 7.897 7.761 7.829 7.800 IN 7.920 7.737 7.829 7.751 IN 

11 7.897 7.761 7.829 7.795 IN 7.920 7.737 7.829 7.780 IN 

12 7.897 7.761 7.829 7.842 IN 7.920 7.737 7.829 7.863 IN 

13 7.897 7.761 7.829 7.864 IN 7.920 7.737 7.829 7.879 IN 

14 7.897 7.761 7.829 7.869 IN 7.920 7.737 7.829 7.876 IN 

15 7.897 7.761 7.829 7.695 OUT 7.920 7.737 7.829 7.609 OUT 

16 7.897 7.761 7.829 7.752 OUT 7.920 7.737 7.829 7.760 IN 

17 7.897 7.761 7.829 7.786 IN 7.920 7.737 7.829 7.805 IN 

18 7.897 7.761 7.829 7.843 IN 7.920 7.737 7.829 7.876 IN 

19 7.897 7.761 7.829 7.832 IN 7.920 7.737 7.829 7.834 IN 

20 7.897 7.761 7.829 7.848 IN 7.920 7.737 7.829 7.857 IN 

21 7.897 7.761 7.829 7.874 IN 7.920 7.737 7.829 7.889 IN 

22 7.897 7.761 7.829 7.767 IN 7.920 7.737 7.829 7.717 OUT 

23 7.897 7.761 7.829 7.724 OUT 7.920 7.737 7.829 7.689 OUT 

24 7.897 7.761 7.829 7.809 IN 7.920 7.737 7.829 7.844 IN 

25 7.897 7.761 7.829 7.832 IN 7.920 7.737 7.829 7.852 IN 

26 7.897 7.761 7.829 7.821 IN 7.920 7.737 7.829 7.821 IN 

27 7.897 7.761 7.829 7.851 IN 7.920 7.737 7.829 7.865 IN 

28 7.897 7.761 7.829 7.858 IN 7.920 7.737 7.829 7.865 IN 

29 7.897 7.761 7.829 7.784 IN 7.920 7.737 7.829 7.749 IN 

30 7.897 7.761 7.829 7.827 IN 7.920 7.737 7.829 7.840 IN 

 
Keterangan: 

IN : In Control 

OUT : Out of Control 
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Lampiran 4. Titik Plot, UCL, LCL, CL, dan 𝑊𝑖 Peta Kendali REWMA dengan 

estimator IQR (Lanjutan) 

𝒊 
𝝀 = 𝟏 

Ket. 
UCL LCL LCL 𝑾𝒊 

1 7.946 7.711 7.829 7.800 IN 

2 7.946 7.711 7.829 7.900 IN 

3 7.946 7.711 7.829 7.860 IN 

4 7.946 7.711 7.829 7.880 IN 

5 7.946 7.711 7.829 7.830 IN 

6 7.946 7.711 7.829 7.890 IN 

7 7.946 7.711 7.829 7.895 IN 

8 7.946 7.711 7.829 7.895 IN 

9 7.946 7.711 7.829 7.910 IN 

10 7.946 7.711 7.829 7.700 OUT 

11 7.946 7.711 7.829 7.790 IN 

12 7.946 7.711 7.829 7.890 IN 

13 7.946 7.711 7.829 7.885 IN 

14 7.946 7.711 7.829 7.875 IN 

15 7.946 7.711 7.829 7.520 OUT 

16 7.946 7.711 7.829 7.810 IN 

17 7.946 7.711 7.829 7.820 IN 

18 7.946 7.711 7.829 7.900 IN 

19 7.946 7.711 7.829 7.820 IN 

20 7.946 7.711 7.829 7.865 IN 

21 7.946 7.711 7.829 7.900 IN 

22 7.946 7.711 7.829 7.660 OUT 

23 7.946 7.711 7.829 7.680 OUT 

24 7.946 7.711 7.829 7.895 IN 

25 7.946 7.711 7.829 7.855 IN 

26 7.946 7.711 7.829 7.810 IN 

27 7.946 7.711 7.829 7.880 IN 

28 7.946 7.711 7.829 7.865 IN 

29 7.946 7.711 7.829 7.710 OUT 

30 7.946 7.711 7.829 7.870 IN 

 
Keterangan: 

IN : In Control 

OUT : Out of Control 
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Lampiran 5. Titik Plot, UCL, LCL, CL, dan 𝑌𝑖 Peta Kendali REWMA dengan estimator 

Biweight 

𝒊 
𝝀 = 𝟎, 𝟎𝟏 

Ket. 
𝝀 = 𝟎, 𝟐𝟓 

Ket. 
UCL LCL CL 𝒀𝒊 UCL LCL CL 𝒀𝒊 

1 7.841 7.817 7.829 7.828 IN 7.892 7.765 7.829 7.822 IN 

2 7.841 7.817 7.829 7.829 IN 7.892 7.765 7.829 7.841 IN 

3 7.841 7.817 7.829 7.829 IN 7.892 7.765 7.829 7.846 IN 

4 7.841 7.817 7.829 7.830 IN 7.892 7.765 7.829 7.854 IN 

5 7.841 7.817 7.829 7.830 IN 7.892 7.765 7.829 7.848 IN 

6 7.841 7.817 7.829 7.831 IN 7.892 7.765 7.829 7.859 IN 

7 7.841 7.817 7.829 7.831 IN 7.892 7.765 7.829 7.868 IN 

8 7.841 7.817 7.829 7.832 IN 7.892 7.765 7.829 7.875 IN 

9 7.841 7.817 7.829 7.833 IN 7.892 7.765 7.829 7.883 IN 

10 7.841 7.817 7.829 7.831 IN 7.892 7.765 7.829 7.838 IN 

11 7.841 7.817 7.829 7.831 IN 7.892 7.765 7.829 7.826 IN 

12 7.841 7.817 7.829 7.831 IN 7.892 7.765 7.829 7.842 IN 

13 7.841 7.817 7.829 7.832 IN 7.892 7.765 7.829 7.853 IN 

14 7.841 7.817 7.829 7.832 IN 7.892 7.765 7.829 7.858 IN 

15 7.841 7.817 7.829 7.829 IN 7.892 7.765 7.829 7.774 IN 

16 7.841 7.817 7.829 7.829 IN 7.892 7.765 7.829 7.783 IN 

17 7.841 7.817 7.829 7.829 IN 7.892 7.765 7.829 7.792 IN 

18 7.841 7.817 7.829 7.830 IN 7.892 7.765 7.829 7.819 IN 

19 7.841 7.817 7.829 7.830 IN 7.892 7.765 7.829 7.819 IN 

20 7.841 7.817 7.829 7.830 IN 7.892 7.765 7.829 7.831 IN 

21 7.841 7.817 7.829 7.831 IN 7.892 7.765 7.829 7.848 IN 

22 7.841 7.817 7.829 7.829 IN 7.892 7.765 7.829 7.801 IN 

23 7.841 7.817 7.829 7.827 IN 7.892 7.765 7.829 7.771 IN 

24 7.841 7.817 7.829 7.828 IN 7.892 7.765 7.829 7.802 IN 

25 7.841 7.817 7.829 7.828 IN 7.892 7.765 7.829 7.815 IN 

26 7.841 7.817 7.829 7.828 IN 7.892 7.765 7.829 7.814 IN 

27 7.841 7.817 7.829 7.829 IN 7.892 7.765 7.829 7.830 IN 

28 7.841 7.817 7.829 7.829 IN 7.892 7.765 7.829 7.839 IN 

29 7.841 7.817 7.829 7.828 IN 7.892 7.765 7.829 7.807 IN 

30 7.841 7.817 7.829 7.828 IN 7.892 7.765 7.829 7.823 IN 

 

Keterangan: 

IN : In Control 

OUT : Out of Control 
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Lampiran 5. Titik Plot, UCL, LCL, CL, dan 𝑌𝑖 Peta Kendali REWMA dengan estimator 

Biweight (Lanjutan) 

𝒊 
𝝀 = 𝟎, 𝟓 

Ket. 
𝝀 = 𝟎, 𝟕𝟓 

Ket. 
UCL LCL CL 𝒀𝒊 UCL LCL CL 𝒀𝒊 

1 7.925 7.732 7.829 7.814 IN 7.958 7.699 7.829 7.807 IN 

2 7.925 7.732 7.829 7.857 IN 7.958 7.699 7.829 7.877 IN 

3 7.925 7.732 7.829 7.859 IN 7.958 7.699 7.829 7.864 IN 

4 7.925 7.732 7.829 7.869 IN 7.958 7.699 7.829 7.876 IN 

5 7.925 7.732 7.829 7.850 IN 7.958 7.699 7.829 7.842 IN 

6 7.925 7.732 7.829 7.870 IN 7.958 7.699 7.829 7.878 IN 

7 7.925 7.732 7.829 7.882 IN 7.958 7.699 7.829 7.891 IN 

8 7.925 7.732 7.829 7.889 IN 7.958 7.699 7.829 7.894 IN 

9 7.925 7.732 7.829 7.899 IN 7.958 7.699 7.829 7.906 IN 

10 7.925 7.732 7.829 7.800 IN 7.958 7.699 7.829 7.751 IN 

11 7.925 7.732 7.829 7.795 IN 7.958 7.699 7.829 7.780 IN 

12 7.925 7.732 7.829 7.842 IN 7.958 7.699 7.829 7.863 IN 

13 7.925 7.732 7.829 7.864 IN 7.958 7.699 7.829 7.879 IN 

14 7.925 7.732 7.829 7.869 IN 7.958 7.699 7.829 7.876 IN 

15 7.925 7.732 7.829 7.695 OUT 7.958 7.699 7.829 7.609 OUT 

16 7.925 7.732 7.829 7.752 IN 7.958 7.699 7.829 7.760 IN 

17 7.925 7.732 7.829 7.786 IN 7.958 7.699 7.829 7.805 IN 

18 7.925 7.732 7.829 7.843 IN 7.958 7.699 7.829 7.876 IN 

19 7.925 7.732 7.829 7.832 IN 7.958 7.699 7.829 7.834 IN 

20 7.925 7.732 7.829 7.848 IN 7.958 7.699 7.829 7.857 IN 

21 7.925 7.732 7.829 7.874 IN 7.958 7.699 7.829 7.889 IN 

22 7.925 7.732 7.829 7.767 IN 7.958 7.699 7.829 7.717 IN 

23 7.925 7.732 7.829 7.724 OUT 7.958 7.699 7.829 7.689 OUT 

24 7.925 7.732 7.829 7.809 IN 7.958 7.699 7.829 7.844 IN 

25 7.925 7.732 7.829 7.832 IN 7.958 7.699 7.829 7.852 IN 

26 7.925 7.732 7.829 7.821 IN 7.958 7.699 7.829 7.821 IN 

27 7.925 7.732 7.829 7.851 IN 7.958 7.699 7.829 7.865 IN 

28 7.925 7.732 7.829 7.858 IN 7.958 7.699 7.829 7.865 IN 

29 7.925 7.732 7.829 7.784 IN 7.958 7.699 7.829 7.749 IN 

30 7.925 7.732 7.829 7.827 IN 7.958 7.699 7.829 7.840 IN 

 

Keterangan: 

IN : In Control 

OUT : Out of Control 
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Lampiran 5. Titik Plot, UCL, LCL, CL, dan 𝑌𝑖 Peta Kendali REWMA dengan estimator 

Biweight (Lanjutan) 

𝒊 
𝝀 = 𝟏 

Ket. 
UCL LCL LCL 𝒀𝒊 

1 7.996 7.662 7.829 7.800 IN 

2 7.996 7.662 7.829 7.900 IN 

3 7.996 7.662 7.829 7.860 IN 

4 7.996 7.662 7.829 7.880 IN 

5 7.996 7.662 7.829 7.830 IN 

6 7.996 7.662 7.829 7.890 IN 

7 7.996 7.662 7.829 7.895 IN 

8 7.996 7.662 7.829 7.895 IN 

9 7.996 7.662 7.829 7.910 IN 

10 7.996 7.662 7.829 7.700 IN 

11 7.996 7.662 7.829 7.790 IN 

12 7.996 7.662 7.829 7.890 IN 

13 7.996 7.662 7.829 7.885 IN 

14 7.996 7.662 7.829 7.875 IN 

15 7.996 7.662 7.829 7.520 OUT 

16 7.996 7.662 7.829 7.810 IN 

17 7.996 7.662 7.829 7.820 IN 

18 7.996 7.662 7.829 7.900 IN 

19 7.996 7.662 7.829 7.820 IN 

20 7.996 7.662 7.829 7.865 IN 

21 7.996 7.662 7.829 7.900 IN 

22 7.996 7.662 7.829 7.660 OUT 

23 7.996 7.662 7.829 7.680 IN 

24 7.996 7.662 7.829 7.895 IN 

25 7.996 7.662 7.829 7.855 IN 

26 7.996 7.662 7.829 7.810 IN 

27 7.996 7.662 7.829 7.880 IN 

28 7.996 7.662 7.829 7.865 IN 

29 7.996 7.662 7.829 7.710 IN 

30 7.996 7.662 7.829 7.870 IN 

 
Keterangan: 

IN : In Control 

OUT : Out of Control 
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Lampiran 6. Perhitungan Nilai ARL REWMA dengan Estimator IQR 
# Mengimpor library yang dibutuhkan 
library(readxl) 
library(writexl) 
library(ggplot2) 
library(showtext) 
 
# Menambahkan font Roboto dari Google Fonts 
font_add_google("Roboto", "roboto") 
showtext_auto() 
 
# Membaca data dari file Excel 
data <- read_excel("D:/SKRIPSI/Data Skripsi Rafli.xlsx") 
 
# Menentukan nilai m (jumlah kolom) dan num_bak (jumlah baris) dari data 
m <- ncol(data)       # Jumlah kolom (pengamatan per bak) 
num_bak <- nrow(data) # Jumlah baris (jumlah bak) 
 
# Definisi parameter 
dn <- 1.3121  # Nilai koreksi untuk IQR 
L <- 3        # Skala batas kontrol 
 
# Fungsi untuk menghitung IQR 
calculate_IQR <- function(x) { 
  IQR(x, type = 7)  # Menggunakan fungsi IQR bawaan 
} 
 
# Menghitung IQR untuk setiap bak (baris) 
IQR_values <- apply(data, 1, calculate_IQR) 
 
# Menghitung standar deviasi berdasarkan IQR yang dibagi dengan dn 
sigma1 <- mean(IQR_values) / dn 
sigma <- sigma1 / sqrt(m) 
 
# Menghitung rata-rata keseluruhan dari setiap rata-rata bak 
mean_value <- mean(rowMeans(data, na.rm = TRUE)) 
 
# Rentang nilai lambda dan k 
lambda_values <- seq(0.01, 1, by = 0.01) 
k_values <- seq(0, 1, by = 0.01) 
 
# Matriks untuk menyimpan hasil ARL 
ARL_results <- matrix(NA, nrow = length(k_values), ncol = length(lambda_values)) 
colnames(ARL_results) <- paste0("ARL untuk λ = ", lambda_values) 
rownames(ARL_results) <- k_values 
 
# Data frame untuk menyimpan hasil UCL, LCL, CL, dan Z_t 
Nilai_REWMA_IQR <- data.frame() 
 
# Fungsi untuk menghitung UCL, LCL, dan CL berdasarkan nilai lambda 
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Lampiran 6. Perhitungan Nilai ARL REWMA dengan Estimator IQR (Lanjutan) 
calculate_control_limits <- function(lambda, mean_value, sigma, L) { 
  sqrt_lambda <- sqrt(lambda / (2 - lambda)) 
  ucl <- mean_value + L * sigma * sqrt_lambda 
  lcl <- mean_value - L * sigma * sqrt_lambda 
  cl <- mean_value 
  return(list(UCL = ucl, LCL = lcl, CL = cl)) 
} 
 
# Looping untuk setiap nilai lambda dan menghitung UCL, LCL, CL, Z_t untuk 
setiap nilai lambda 
for (lambda in lambda_values) { 
   
  # Menghitung batas kontrol (UCL, LCL, CL) 
  control_limits <- calculate_control_limits(lambda, mean_value, sigma, L) 
   
  # Array untuk menyimpan nilai Z_t untuk setiap bak 
  Z_t <- numeric(num_bak) 
   
  # Looping untuk setiap bak 
  for (bak in 1:num_bak) { 
    bak_mean <- rowMeans(data[bak, , drop = FALSE]) 
    if (bak == 1) { 
      Z_t[bak] <- lambda * bak_mean + (1 - lambda) * mean_value 
    } else { 
      Z_t[bak] <- lambda * bak_mean + (1 - lambda) * Z_t[bak - 1] 
    } 
     
    # Simpan hasil UCL, LCL, CL, dan Z_t ke dalam data frame 
    Nilai_REWMA_IQR <- rbind(Nilai_REWMA_IQR, data.frame( 
      Lambda = lambda, 
      UCL = control_limits$UCL, 
      LCL = control_limits$LCL, 
      CL = control_limits$CL, 
      Z_t = Z_t[bak] 
    )) 
  } 
   
  # Looping untuk setiap nilai k untuk menghitung ARL 
  for (j in seq_along(k_values)) { 
    k <- k_values[j] 
     
    # Menghitung β menggunakan distribusi normal kumulatif (pnorm) 
    beta <- pnorm((control_limits$UCL - (mean_value + k * sigma1)) / (sigma * 
sqrt(lambda / (2 - lambda)))) -  
      pnorm((control_limits$LCL - (mean_value + k * sigma1)) / (sigma * sqrt(lambda 
/ (2 - lambda)))) 
     
    # Menghitung ARL berdasarkan β 
    ARL_results[j, which(lambda_values == lambda)] <- 1 / (1 - beta) 
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Lampiran 6. Perhitungan Nilai ARL REWMA dengan Estimator IQR (Lanjutan) 
  } 
} 
 
# Fungsi untuk menampilkan grafik peta kendali berdasarkan lambda 
tampilkan_peta_kendali <- function(lambda) { 
  # Filter data untuk lambda yang diinginkan 
  data_lambda <- Nilai_REWMA_IQR[Nilai_REWMA_IQR$Lambda == lambda, ] 
   
  # Periksa apakah lambda ada dalam dataset 
  if (nrow(data_lambda) == 0) { 
    cat("Tidak ada data untuk lambda =", lambda, "\n") 
    return(NULL) 
  } 
   
  # Membuat grafik peta kendali dengan garis penghubung antar titik 
  control_chart <- ggplot(data_lambda, aes(x = 1:nrow(data_lambda))) + 
    geom_line(aes(y = Z_t, color = "Wi"), size = 1) +   # Garis penghubung nilai Z_t 
    geom_line(aes(y = UCL, color = "UCL"), size = 1, linetype = "dashed") +  # Garis 
UCL 
    geom_line(aes(y = LCL, color = "LCL"), size = 1, linetype = "dashed") +  # Garis 
LCL 
    geom_line(aes(y = CL, color = "CL"), size = 1, linetype = "solid") +     # Garis CL 
    geom_point(aes(y = Z_t, color = "Wi"), size = 3) +   # Kembalikan ukuran bulatan 
Z_t 
    geom_point(aes(y = UCL, color = "UCL"), size = 3) +  # Kembalikan ukuran 
bulatan UCL 
    geom_point(aes(y = LCL, color = "LCL"), size = 3) +  # Kembalikan ukuran 
bulatan LCL 
    geom_point(aes(y = CL, color = "CL"), size = 3) +    # Kembalikan ukuran bulatan 
CL 
    labs(title = paste("REWMA IQR λ =", format(lambda, digits = 2, decimal.mark = 
",")),  
         x = "Observasi", y = "Nilai") + # Tambahkan judul dengan format sesuai 
lambda 
    scale_color_manual(values = c("Wi" = "yellow", "UCL" = "blue", "LCL" = 
"orange", "CL" = "grey")) +  
    theme_minimal() + 
    theme( 
      text = element_text(family = "roboto"),  # Gunakan font Roboto 
      plot.title = element_text(size = 16, face = "bold", hjust = 0.5),  # Ukuran title 16, 
bold, dan center 
      axis.text.x = element_text(size = 10),  # Ukuran teks untuk sumbu x menjadi 
10 
      axis.text.y = element_text(size = 10),  # Ukuran teks untuk sumbu y menjadi 
10 
      legend.position = "right",  # Posisi legenda di kanan 
      legend.title = element_blank(),  # Hilangkan judul legenda 
      legend.text = element_text(size = 10),  # Perkecil ukuran teks legenda menjadi 
11 
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Lampiran 6. Perhitungan Nilai ARL REWMA dengan Estimator IQR (Lanjutan) 
      panel.border = element_rect(colour = "black", fill = NA, size = 1),  # Tambah 
garis pinggir hitam 
      plot.background = element_rect(colour = "black", fill = NA, size = 1)  # Tambah 
garis pinggir hitam 
    ) 
   
  # Menampilkan grafik peta kendali 
  print(control_chart) 
} 
 
# Menambahkan kolom Status untuk memeriksa apakah Z_t berada di dalam atau 
di luar batas kontrol 
Nilai_REWMA_IQR$Status <- ifelse(Nilai_REWMA_IQR$Z_t > 
Nilai_REWMA_IQR$UCL, "Out of Control",  
                                       ifelse(Nilai_REWMA_IQR$Z_t < 
Nilai_REWMA_IQR$LCL, "Out of Control",  
                                              "In Control")) 
 
# Menghitung jumlah "Out of Control" untuk setiap nilai lambda 
jumlah_out_of_control <- aggregate(Status ~ Lambda, data = Nilai_REWMA_IQR, 
FUN = function(x) sum(x == "Out of Control")) 
 
# Konversi hasil ARL ke data frame 
ARL_results_df_IQR <- as.data.frame(ARL_results) 
 
tampilkan_peta_kendali(0.01) 
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Lampiran 7. Perhitungan Nilai ARL REWMA dengan Estimator Biweight 
 Sintaks REWMA Estimator Biweight 
# Mengimpor library yang dibutuhkan 
library(readxl) 
library(writexl) 
library(ggplot2) 
library(showtext) 
 
# Membaca data dari file Excel 
data <- read_excel("D:/SKRIPSI/Data Skripsi Rafli.xlsx") 
 
# Konversi data menjadi matriks 
data_matrix <- as.matrix(data) 
 
# Menentukan nilai m (jumlah kolom) dan num_bak (jumlah baris) dari data 
m <- ncol(data_matrix)       # Jumlah kolom (pengamatan per bak) 
num_bak <- nrow(data_matrix) # Jumlah baris (jumlah bak) 
L <- 3                       # Nilai faktor koreksi 
 
# Menghitung rata-rata untuk setiap subgrup dan rata-rata keseluruhan dari setiap 
rata-rata bak 
mean_per_subgrup <- rowMeans(data_matrix, na.rm = TRUE) 
mean_value <- mean(mean_per_subgrup, na.rm = TRUE) 
 
# Menghitung median untuk setiap bak 
median_per_subgrup <- apply(data_matrix, 1, median, na.rm = TRUE) 
 
# Menghitung MAD untuk setiap subgrup 
MAD_per_subgrup <- apply(data_matrix, 1, function(x) { 
  T <- median(x, na.rm = TRUE)                  # Median dari subgrup 
  mad_value <- median(abs(x - T))               # Menghitung MAD tanpa faktor 
konsistensi 
  return(mad_value * 1.4826)                    # Mengalikan dengan faktor konsistensi 
}) 
 
# Menghitung nilai U_i untuk setiap subgrup dan pengamatan 
U_i <- matrix(NA, nrow = num_bak, ncol = m)     # Membuat matriks kosong untuk 
menyimpan hasil U_i 
for (i in 1:num_bak) { 
  for (j in 1:m) { 
    U_i[i, j] <- (data_matrix[i, j] - median_per_subgrup[i]) / (9 * MAD_per_subgrup[i])  
# Rumus U_i 
  } 
} 
 
# Melakukan pengkodisian: jika |U_i| < 1, nilai U_i dipertahankan, jika |U_i| >= 1, 
U_i dikosongkan (NA) 
U_i_filtered <- ifelse(abs(U_i) < 1, U_i, NA) 
 
# Menghitung nilai pembilang untuk setiap subgrup (menggunakan Median_j) 
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Lampiran 7. Perhitungan Nilai ARL REWMA dengan Estimator Biweight 
(Lanjutan) 
numerator <- numeric(num_bak) # Vektor untuk menyimpan pembilang setiap 
subgrup 
for (i in 1:num_bak) { 
  valid_indices <- !is.na(U_i_filtered[i, ]) # Indeks pengamatan yang valid (bukan 
NA) 
  numerator[i] <- sqrt(sum((data_matrix[i, valid_indices] - 
median_per_subgrup[i])^2 *  
                             (1 - U_i_filtered[i, valid_indices]^2)^4)) 
} 
 
# Menghitung nilai penyebut untuk setiap subgrup dengan absolut setelah 
penjumlahan 
denominator <- numeric(num_bak) # Vektor untuk menyimpan penyebut setiap 
subgrup 
for (i in 1:num_bak) { 
  valid_indices <- !is.na(U_i_filtered[i, ]) # Indeks pengamatan yang valid (bukan 
NA) 
  denominator[i] <- abs(sum((1 - U_i_filtered[i, valid_indices]^2) *  
                              (1 - 5 * U_i_filtered[i, valid_indices]^2))) 
} 
 
# Menghitung nilai biweight untuk setiap subgrup 
biweight <- numeric(num_bak) # Vektor untuk menyimpan nilai biweight setiap 
subgrup 
for (i in 1:num_bak) { 
  biweight[i] <- (m / (sqrt(m - 1))) * (numerator[i] / denominator[i]) 
} 
 
# Menghitung rata-rata dari nilai biweight-biweight dengan penambahan sqrt(m) 
mean_biweight <- mean(biweight, na.rm = TRUE) / sqrt(m) 
 
# Menampilkan rata-rata dari nilai biweight-biweight 
print(mean_biweight) 
 
# Rentang nilai lambda dan k 
lambda_values <- seq(0.01, 1, by = 0.01) 
k_values <- seq(0, 1, by = 0.01) 
 
# Matriks untuk menyimpan hasil ARL 
ARL_results <- matrix(NA, nrow = length(k_values), ncol = length(lambda_values)) 
colnames(ARL_results) <- paste0("ARL untuk λ = ", lambda_values) 
rownames(ARL_results) <- k_values 
 
# Data frame untuk menyimpan hasil UCL, LCL, CL, dan Z_t 
Nilai_REWMA_Biweight <- data.frame() 
 
# Fungsi untuk menghitung UCL, LCL, dan CL berdasarkan nilai lambda 
calculate_control_limits <- function(lambda, mean_value, mean_biweight, L) { 
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Lampiran 7. Perhitungan Nilai ARL REWMA dengan Estimator Biweight 
(Lanjutan) 
  sqrt_lambda <- sqrt(lambda / (2 - lambda)) 
ucl <- mean_value + L * mean_biweight * sqrt_lambda 
  lcl <- mean_value - L * mean_biweight * sqrt_lambda 
  cl <- mean_value 
  return(list(UCL = ucl, LCL = lcl, CL = cl)) 
} 
 
# Looping untuk setiap nilai lambda 
for (lambda in lambda_values) { 
   
  # Menghitung batas kontrol (UCL, LCL, CL) 
  control_limits <- calculate_control_limits(lambda, mean_value, mean_biweight, 
L) 
   
  # Array untuk menyimpan nilai Z_t untuk setiap bak 
  Z_t <- numeric(num_bak) 
   
  # Looping untuk setiap bak 
  for (bak in 1:num_bak) { 
    bak_mean <- mean(data_matrix[bak, , drop = FALSE]) # Menghitung rata-rata 
dari bak ke-i 
    if (bak == 1) { 
      Z_t[bak] <- lambda * bak_mean + (1 - lambda) * mean_value 
    } else { 
      Z_t[bak] <- lambda * bak_mean + (1 - lambda) * Z_t[bak - 1] 
    } 
     
    # Simpan hasil UCL, LCL, CL, dan Z_t ke dalam data frame 
    Nilai_REWMA_Biweight <- rbind(Nilai_REWMA_Biweight, data.frame( 
      Lambda = lambda, 
      UCL = control_limits$UCL, 
      LCL = control_limits$LCL, 
      CL = control_limits$CL, 
      Z_t = Z_t[bak] 
    )) 
  } 
   
  # Looping untuk setiap nilai k untuk menghitung ARL 
  for (j in seq_along(k_values)) { 
    k <- k_values[j] 
     
    # Menghitung β menggunakan distribusi normal kumulatif (pnorm) 
    beta <- pnorm((control_limits$UCL - (mean_value + k * mean_biweight)) / 
(mean_biweight * sqrt(lambda / (2 - lambda)))) -  
      pnorm((control_limits$LCL - (mean_value + k * mean_biweight)) / 
(mean_biweight * sqrt(lambda / (2 - lambda)))) 
     
    # Menghitung ARL berdasarkan β 
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Lampiran 7. Perhitungan Nilai ARL REWMA dengan Estimator Biweight 
(Lanjutan) 
    ARL_results[j, which(lambda_values == lambda)] <- 1 / (1 - beta) 
  } 
} 
 
# Fungsi untuk menampilkan grafik peta kendali berdasarkan lambda 
tampilkan_peta_kendali <- function(lambda) { 
  # Filter data untuk lambda yang diinginkan 
  data_lambda <- Nilai_REWMA_Biweight[Nilai_REWMA_Biweight$Lambda == 
lambda, ] 
   
  # Periksa apakah lambda ada dalam dataset 
  if (nrow(data_lambda) == 0) { 
    cat("Tidak ada data untuk lambda =", lambda, "\n") 
    return(NULL) 
  } 
   
  # Membuat grafik peta kendali dengan garis penghubung antar titik 
  control_chart <- ggplot(data_lambda, aes(x = 1:nrow(data_lambda))) + 
    geom_line(aes(y = Z_t, color = "Wi"), size = 1) +   # Garis penghubung nilai Z_t 
    geom_line(aes(y = UCL, color = "UCL"), size = 1, linetype = "dashed") +  # Garis 
UCL 
    geom_line(aes(y = LCL, color = "LCL"), size = 1, linetype = "dashed") +  # Garis 
LCL 
    geom_line(aes(y = CL, color = "CL"), size = 1, linetype = "solid") +     # Garis CL 
    geom_point(aes(y = Z_t, color = "Wi"), size = 3) +   # Kembalikan ukuran bulatan 
Z_t 
    geom_point(aes(y = UCL, color = "UCL"), size = 3) +  # Kembalikan ukuran 
bulatan UCL 
    geom_point(aes(y = LCL, color = "LCL"), size = 3) +  # Kembalikan ukuran 
bulatan LCL 
    geom_point(aes(y = CL, color = "CL"), size = 3) +    # Kembalikan ukuran bulatan 
CL 
    labs(title = paste("REWMA Biweight λ =", format(lambda, digits = 2, 
decimal.mark = ",")),  
         x = "Observasi", y = "Nilai") + # Tambahkan judul dengan format sesuai 
lambda 
    scale_color_manual(values = c("Wi" = "yellow", "UCL" = "blue", "LCL" = 
"orange", "CL" = "grey")) +  
    theme_minimal() + 
    theme( 
      text = element_text(family = "roboto"),  # Gunakan font Roboto 
      plot.title = element_text(size = 16, face = "bold", hjust = 0.5),  # Ukuran title 16, 
bold, dan center 
      axis.text.x = element_text(size = 10),  # Ukuran teks untuk sumbu x menjadi 
10 
      axis.text.y = element_text(size = 10),  # Ukuran teks untuk sumbu y menjadi 
10 
      legend.position = "right",  # Posisi legenda di kanan 
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Lampiran 7. Perhitungan Nilai ARL REWMA dengan Estimator Biweight 
(Lanjutan) 
      legend.title = element_blank(),  # Hilangkan judul legenda 
      legend.text = element_text(size = 10),  # Perkecil ukuran teks legenda menjadi 
11       
      panel.border = element_rect(colour = "black", fill = NA, size = 1),  # Tambah 
garis pinggir hitam 
      plot.background = element_rect(colour = "black", fill = NA, size = 1)  # Tambah 
garis pinggir hitam 
    ) 
   
  # Menampilkan grafik peta kendali 
  print(control_chart) 
} 
 
# Menambahkan kolom Status untuk memeriksa apakah Z_t berada di dalam atau 
di luar batas kontrol 
Nilai_REWMA_Biweight$Status <- ifelse(Nilai_REWMA_Biweight$Z_t > 
Nilai_REWMA_Biweight$UCL, "Out of Control",  
                                 ifelse(Nilai_REWMA_Biweight$Z_t < 
Nilai_REWMA_Biweight$LCL, "Out of Control",  
                                 "In Control")) 
 
# Menghitung jumlah "Out of Control" untuk setiap nilai lambda 
jumlah_out_of_control <- aggregate(Status ~ Lambda, data = 
Nilai_REWMA_Biweight, function(x) sum(x == "Out of Control")) 
 
# Konversi hasil ARL ke data frame 
ARL_results_df_Biweight <- as.data.frame(ARL_results) 
 
tampilkan_peta_kendali(0.01) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


