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Abstract 
 
The biggest energy consumption within building and offices in tropical countries are mainly spent for 
lighting and air conditioning. Some air conditioner systems have been equipped with automatic 
temperature controllers while most installed coolers employed ordinary remote control.  Energy saving 
cannot rely on human behaviors as mostly are forgetful. Therefore, further steps should be taken for 
non-automatic air conditioner system in order to reduce the energy consumption. However, replacing 
the existing systems with the built-in controlled ones will be costly. This paper proposes an extension 
device for attaching the existing remote control so that the air conditioner working automatically as the 
built-in controlled system. The extension device may apply for other application such as garage doors, 
televisions and other remote-controlled devices. Since remote devices have various shapes, buttons and 
minimum intervention are preferred, the push-button extension device is proposed. This extension 
device works as a remote holder and enables existing remote controllers perform automatic human 
detection to active the controlled devices. The proposed device is much cheaper than installing the new 
built-in automated system. Experiment results show that the proposed device is able to reduce energy 
consumption of the standard air conditioner by 32.3% in average. 
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1. Introduction 
 

Remote control devices are commonly used to help human activating or operating 
some equipment without the necessity being close to the controlled equipment. Some devices 
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have employed automatic control systems, such as air conditioner and lighting systems that 
are able to detect human presence and activate themselves. Some devices are even completed 
by level control system such as for determining the convenient temperature based on number 
of detected humans within the covered area.  

However, there are lots of existing installed devices operating without those features 
and fully relying on the manual human control. Meanwhile, upgrading that equipment are too 
expensive.  Electrical and mechanical intervention for modifications may cause damages. 
Therefore, an extension device is required. Table 1 shows samples of air conditioner cost 
comparisons of manual and built-in automated controlled system within the same types and 
manufacturers in Indonesian market. On average, built-in controlled systems have more than 
30% higher cost. 

 

Power (in Power Horse /PH) Price (in Indonesian Rupiah/Rp) 
Standard Built-in Control 

0.5 4,900,000 5,900,000 
1 2,700,000 3,800,000 

1.5 4,200,000 5,100,000 
2 5,400,000 8,200,000 

 
Furthermore, since fossil energy is limited and renewable energy sources are still 

hunted and studied, energy efficiency is urgently demanded. Energy efficiency is a wise step 
besides the work on renewable energy. As a matter of fact, energy demands increase year by 
year. Moreover, energy consumption in the world is dominated by both air conditioners and 
lightings (Agus et al., 2014). Efficiency on both systems will reduce overall energy 
requirement. It is found that 80% of the energy conservation efforts rely on human being, 
while the rest 20% is on the equipment (Kompas, 2003). Since human being is forgetful and 
is uncountable for such behaviors, the automation is the preferred solution. 

Researches have been performed previously to reduce energy consumptions. Zeebaree 
and Yasin (2014) worked on a long-distance control system for monitoring home devices. 
The system is able to remotely reduce energy usage. However, such system is efficient only 
when the owner is away, but inefficient when people live at their home. The same system 
was also built by Ramli et al. (2014, 2015). An integrated sensor within a light bulb was 
proposed by Bakhtiar (2015). The proposed device was good designed and well 
manufactured. It successfully reduces energy usage, but it is not applicable for remote system. 
Meanwhile, human presence sensor applications have been used in many applications 
(Bakhtiar, 2015; Pema et al., 2013; Saravana et al., 2015). In term of air conditioner control 
system, system comparisons were not yet found.  

This paper proposes an extension device to enable standard air conditioner working 
automatically as built-in controlled air conditioner. The proposed device is able to operate 
the exiting air conditioner system automatically. The designed device has less cost than 
replacing the standard air conditioner to the built-in controlled one. It costs only about Rp. 
200,000 (€20). The proposed system employs a push-button mechanic with function to push 
the activating button of the attached remote control. Human presence is detected by using a 
motion passive infrared (PIR) sensor. Assessment is performed by controlling a 1 horse 
power standard air conditioner (AC). The achievement is compared to a built in intelligent 
eco-sensor AC at the same capacity.  

 
2. Designed system and components 
 

Figure 1 shows the schematic diagram for the extension device. System consists of a 
DC power supply to provide 12 V voltage source. A rectifying diode is serried to a regulator 
IC to provide 5 V voltage source for activating a mini Arduino controller and a PIR sensor. 
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The 12 V voltage source supplies current to move a solenoid through a TIP 120 transistor 
driver. The solenoid is controlled by Arduino through the base pin of TIP 120. Current flow 
through emitter pin drives the solenoid pushing the button mechanic. Decision when the 
button should be pushed is depending on PIR detection and the timer within Arduino 
software. 

 

 
 

Fig. 1. Designed system 
 

 
Fig 2. Passive infrared sensor diagram 

 
The PIR sensor diagram is shown in Fig. 2. A PIR sensor contains of a Fresnel lens, 

an infrared filter, a pyroelectric sensor, an amplifier and a comparator. The detected heat 
energy is magnified through the Fresnel lens and forwarded to an infrared filter. The 
expected detected infrared heat energy is of wavelength 8 to 14 µm, which is emitted by the 
human body continuously. This signal is the main target of the detection. Pyroelectric sensor 
then generates current when infrared signal is detected. The small current changes are then 
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amplified by using an amplifier. The amplifier output is then compared to the reference by 
using a comparator. The output comparator is used to indicate human presence.  

Mini Arduino is the minimum system controlled by an Atmel AVR processor that is 
equipped by a bootloader and is programmed by using a computer. The board contains a 
universal serial chips for communicating with other device through analog and digital input 
output. These pins can be connected to other serial communication devices. However, 
Arduino has a limited memory spaces, so that the designed program should be as simple as 
possible. The 12 V voltage is required to activate solenoid, while 5 V for driving the sensor, 
Arduino and transistor. 12 V voltage source is obtained from a commercial power supply, 
while the 5 V voltage source is regulated by using LM 7805. 

The transistor TIP 120 is controlled through its base pin by using voltage higher than 
0.7 V. This control is provided by the Arduino. When voltage present in the base, current 
from 12 V source flows from collector to emitter, driving the solenoid. Solenoid is activated 
when current flows through its coil, producing electromagnetic field that pushes the stick out. 
This stick is used to push the remote button. The stick position can be adjusted according to 
the AC power button position, depending on the type of remote-control device. 

 

 
 

Fig. 3. Extended device 
 

Figure 3 shows a sample casing design that can be adjusted based on the intended 
application. Casing should hold the inserted remote tightly so that the pushed button is not 
drifted. The control circuit is located behind the case while sensor is at the front.  

Some conditions that should be considered when designing the mini Arduino software, 
including idle condition, sensor processing and stopping the state. Idle is the state when 
system is inactive due to undetected movement. Process is initiated when PIR detects human 
presence. At this state, system is working. Sensor is initially calibrated, followed by 
detecting human presence continuously. If human movement is confirmed to be detected, 
Arduino orders control pin to produce high state so that transistor TIP 120 is activated and 
the solenoid is operated. This condition remains following the timer. If there is no infrared 
signal detected within period of T, then AC is turned off by re-activated the solenoid. 
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3. System evaluation  

 
3.1. System testing 

 
Software test was initially performed by connecting the designed device to a 

computer through USB connection as in Fig. 4.  Software should as simple as possible since 
ATmega328 microcontroller within the Arduino board has a flash memory capacity of only 
32 KB, of which 2 KB is for boot loader. The expected working loop is less than 16 kHz. 
The measurement data is only for report purpose and not stored in Arduino memory. 

 

 
Fig. 4. Computer test 

 
 

 
 

Fig. 5. Human presence test 
 

In order to activate the PIR sensor, human should present in front of the PIR sensor as 
depicted in Fig. 5. Repeated experiments successfully obtained 100% detection rate so that 
system is working as expected as long as human in its catchment area. Sensor detects human 
presence only if sensor to human distance lower or equal to 5.25 m (Fig. 6). Sensor fails to 
detect any movement when the object distance is higher than this value. There are three 
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failure sample data in which sensor produces 0 volt. These positions are when human is out 
of the detection angle. Human presence in sensor coverage area is assigned by generating 
voltage higher than 3 volts. Other test shows that animals like cat are not detectable by this 
PIR sensor.  

 

 
 

Fig. 6. Object detection 
 

3.2. Application test 
 

Application test for both conventional AC, low energy AC and conventional AC 
equipped by the proposed device were performed by using the same scenario. Figure 7 shows 
the cumulative energy consumptions of the three compared systems.  

 

 
 

Fig. 7. Energy consumption comparisons 
 

Total energy consumed by the standard air conditioner without experiencing turning 
off is 6.848 kWh. The low energy air conditioner experiences some turning off states, 
produces better performances by consuming lower energy about 5.41 kWh since human 
presence detector is embedded within the system. The standard air conditioner plus the 
extension device absorbs about 4.636 kWh. It is about 32.30% and 14.31% lower than 
standard air conditioner and low energy air conditioner. Figure 8 shows temperature 
variations. The standard air conditioner requires about 50 minutes to achieve 22.9°C for 4x10 
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m2 room. Low energy air conditioner requires 30 minutes to achieve 22.9°C. While the 
combination of the standard air conditioner and the proposed extension device achieves 
22.9°C about 40 minutes. The low energy air conditioner achieves the expected temperature 
with the shortest time. It is able to maintain room temperature. Meanwhile, the proposed 
device makes the temperature increased when none in the room. However, the temperature 
remains in comfortable range according to the Indonesian SNI standard (SNI, 2001). 

   

 
 

Fig. 8. Temperature variation 
 

4. Conclusions 
 
This paper has proposed design and assessment of the extension device that is able to 

transform the standard remote-control device to perform automatic control based on human 
presence.  

The assessment shows that the designed device is able to reduce the standard air 
conditioner energy consumption about 32.30% lower than standard air conditioner and 
14.31% lower than low energy air conditioner. Even though the room temperature increases 
when air conditioner turning off, its value is in the standard range.  
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