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Development of Variable Duty Cycle Control Method
for Air Conditioner using Artificial Neural Networks
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(Hyeong-Jung Kim - Seog-Bae Doo : Jong-Bae Park - Joong-Rin Shin)

Abstract - This paper presents a novel method for satisfying the thermal comfort of indoor environment and reducing
the summer peak demand power by minimizing the power consumption for an Air-conditioner within a space. Korea
Electric Power Corporation (KEPCO) use the fixed duty cycle control method regardless of the indoor thermal
environment. However, this method has disadvantages that energy saving depends on the set-point value of the
Air-Conditioner and direct load control (DLC) has no net effects on Air-conditioners if the appliance has a lower
operating cycle than the fixed duty cycle. In this paper, the variable duty cycle control method is proposed in order to
compensate the weakness of conventional fixed duty cycle control method and improve the satisfaction of residents and
the reduction of peak demand. The proposed method estimates the predict mean vote (PMV) at the next step with
predicted temperature and humidity using the back propagation neural network model. It is possible to reduce the energy
consumption by maintaining the Air-conditioner’'s OFF state when the PMV lies in the thermal comfort range. To
verify the effectiveness of the proposed variable duty cycle control method, the case study is performed using the
historical data on Sep. 7th, 2001 acquired at a classroom in Seoul and the obtained results are compared with the fixed

duty cycle control method.
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Table 1 PMV value definition

PMV HA=

+3 g o (hot)

+2 wEestt} (warm)

+1 ok7}F ubLesle} (slightly warm)
0 % ¥ (neutral)

1 okzt AE3tt} (slightly cool)
_9 A=3tt} (cool)

-3 % 9 (cold)
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Fig. 10 Predicted data for indoor temperature - 3
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Fig. 11 Predicted data for indoor temperature - 4
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Table 3 Relative error of the predicted indoor humidity
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Fig. 13 Predicted data for indoor humidity - 2
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Fig. 14 Predicted data for indoor humidity - 3
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Fig. 12 Predicted data for indoor humidity - 1
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Fig. 15 Predicted data for indoor humidity - 4
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Table 4 Calculated PMV from predicted temperature & humidity
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Fig. 17 Temperature data for control method comparison
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Fig. 16 Transitional curve for calculated PMV
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Fig. 18 Humidity data for control method comparison
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Table 5 Predicted PMV for 1st control cycle

Ak 14:22 14:24 14:26 14:28 14:30
o&2x | 25826 | 25963 | 26120 | 26242 | 26.354
dZgE || 43117 | 43.056 | 43.003 | 42916 | 42.871

PMV 0.287 0.333 0.387 0.428 0.466
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Table 6 Predicted PMV for 2nd contro! cycle

A1zt 14:52 14:54 14:56 14:58 15:00
&2 [ 25922 | 26065 | 26193 | 26.310 | 26428
AE&FT | 42815 | 42791 | 42673 | 42.664 | 42615

PMV 0.318 0.366 0.409 0.449 0.490

x 7 M Hu Aol E ofl & 22t of ZdlolH
Table 7 Predicted PMV for 3rd control cycle
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Fig. 19 Estimation of indoor temperature as duty cycle control
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Fig. 20 Estimation of indoor humidity as duty cycle control
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Table 8 Predicted PMV for 4rd control cycle

AzE 15:42 15:44 15:46 15:48 15:50
25.862 | 26.008 | 26.145 | 26261 | 26.388
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ks 15:22 15:24 15:26 15:28 15:30
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PMV 0.340 0.387 0.427 0.468 0.507

[PMV]

42875 | 42.844 | 42.735 | 42715 | 42.676
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Fig. 21 Estimation of PMV as duty cycle control
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Fig. 22 Operation curve of Air-conditioner as duty cycle control
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