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Abstract. This paper reviews an implementation of evaluating 
compliance of wireless power transfer systems with respect to human 
electromagnetic exposure limits. Methods for both numerical analysis and 
measurements are discussed. The objective is to evaluate the rate of which 
energy is absorbed by the human body when exposed to a wireless energy 
transfer, although it can be referred to the absorption of other forms of 
energy by tissue. An exposure assessment of a representative wireless 
power transfer system, under a limited set of operating conditions, is 
provided in order to estimate the maximum SAR levels. The aim of this 
review is to conclude the possible side effect to the human body when 
utilizing wireless charging in daily life so that an early severe action can be 
taken when using wireless transfer. 

1 Introduction 
Wireless power transfer (WPT) or wireless energy transmission is the transmission of 
electrical power from a power source to a consuming device without using any of discrete 
conductors. Nowadays, there is recent interest regarding battery charging wireless power 
transfer technology are now being seen by the ubiquity of cellular phone phones, 
automotive and the other type of mobile communication devices. Recently the concern 
about wireless electromagnetic waves are being concerned with communication devices. 
Wireless charging, as well known as inductive charging, which is suitable to shoot up your 
smartphone. Wireless chargers emit an alternating current by a transmitter coil, which 
induces a voltage in the receiver coil found in the device. Hence, the pace was quantified by 
the power absorbed with a limited arena of the body tissue in a standard measurement of 
watts per kilogram (W/kg). It can be an average measure over the intact body, or a small 
sample amount such at the hand by the Specific Absorption Rate (SAR). The Specific 
Absorption Rate (SAR) measures exposure within range of the frequency 100 kHz and 10 
GHz, such as laptops, wireless charger, Wi-Fi routers and cell phones. 
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2 Specification absorption rate 
Specific absorption rate (SAR) signifies a measurement for an electromagnetic energy that 
absorbed by the biological tissue in case by the different type of exposure such as wireless, 
transmitter, antennas, and phones [1-2]. The SAR limit were specified in the IEEE C95.1 : 
1999 are 1.6W/Kg in a SAR1gm averaging mass while that specified in IEEE C95.1 : 2005 
has been updated to 2W/Kg in a 10gm averaging mass [3]. This new SAR limit specified in 
IEEE C95.1 : 2005 is comparable to the limit specified in the International Commission on 
Non-Ionizing Radiation Protection (ICNIRP) guidelines. That’s why the Specific 

Absorption Rate (SAR) will be calculated and be measured in this project to achieve the 
safety using wireless power transfer to human mankind. The basic property for assessing 
local RF exposure from wireless devices is the Specific Absorption Rate (SAR). So, the 
Specific Absorption Rate (SAR) testing is conducted by according to international 
standards regularly as part of the product type approval.

The Specific Absorption Rate (SAR), which can cause the heating of tissue were 
measured in Watts per kilogram and its measure of electromagnetic energy absorption by 
the body [5]. By σ  is the electric conductivity of the tissue in S/m, ρ is the mass density in 

Kg/m3, and E is the root-mean-square (rms) magnitude of the electric field strength in 
(V/m) inside the material [6]. Then, we can calculate the SAR by using this equation. The 
SAR of a human body exposed to RF-EMF which it is very difficult to measure directly 
because the SAR includes the internal electric field strength and conductivity of the body, 
so the equation above will be used  for measure [7]. Therefore, Specific Absorption Rate 
(SAR) be situated estimated by numerical methods using computational models of human 
bodies. 

3 Electromagnetic theory 
The acronym EMF (Electromagnetic Fields) is commonly used to express the exposure of 
humans to electromagnetic fields. The exposure to EMF is covers a wide frequency range 
from (0 Hz - 300 GHz). Electromagnetic fields happens everywhere in our environment 
such as the earth, sun and ionosphere where this all natural sources of EMF.  

Fig. 1. Current through the coil (inductive charging) [9] 

(1)

      
 

  
DOI: 10.1051/01034 (2016) matecconf/2016MATEC Web of Conferences 78010347

IConGDM 2016

,8

2



From the Figure 1, the implanted coil directly provides the charging current for the 
pacemaker battery through transcutaneous electromagnetic induction between the coils 
[10]. The idea breaks on inductive coupling that uses an electromagnetic field where its 
transfers energy from the transmitter to the receiver [10]. There’s an alternating current that 

passes through the coil in the charger, which creates a fluctuating electromagnetic field. 
This technique can powerfully transfer power over a relatively long distance using the 
resonators by having the high quality factor [11]. So, the coil in the contrivance is placed in 
this electromagnetic field where the current is induced in the coil and next charges the 
contrivance's battery. But, for charging, phones are required to keep near the charging plate, 
so it will using inductively coupled power transfer [12]. This is reason why wireless 
charging is sometimes kenned as inductive charging. 

4 Type and designation coil 
There many type of coils with a winding material (copper and iron), different size, and 
conductor cross-sectional. Simply, the coils with the ferromagnetic wire differ substantially 
from the coils with the diamagnetic material which their inductance and resistance are 
significantly higher, and it’s depend substantially on the signal frequency. In a coil testing, 
with the frequency increase from 20 kHz to 150 kHz inductance of the ferromagnetic coil 
decreased by 9.86 %, while the copper wire coil inductance doesn’t change [13]. Hence, the 
type of copper coil is use in this project.

5 Wireless energy/power transfer and operation
The very essential of any magnetic Wireless Power Transfer system are the magnetically 
coupled transmitting and receiving coils [14]. The wireless power transfer (WPT) system 
using magnetically coupled coils has been discovered by Kurs in 2007 [15-16]. When the 
alternating current is passed through transmitter coil, it’s generate the magnetic field. 

The receive coil and loop (Rx) are identical to the transmit coil and loop [17]. It will 
receive the transmit power from the (Tx) coil. The strong reactive near-fields of wireless 
power systems may induce high fields in the body tissue of persons in their closest vicinity. 
Wireless charging can be as efficient as a wired charging when receiver implements direct 
charging [18].

Fig. 2. Schematic block diagram for magnetically coupled resonant wireless power system [17] 
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Fig. 3. Computational condition for the arm [19]. 

Figure 2 shows the exposure condition of the arm. The part of body human, arm was 
selected to perform in this simulation. Two positions of the transmitting coil in proximity to 
the hand and forearm are considered. This is because our hand was near when we charge 
our phone via wireless charging. The coil is located below the Palmar side of the hand or 
forearm at a distance of 10 mm. 

6 Expected Results 
For the best result, the wireless transfer and human hand has been consider to confirm the 
magnetic field distribution generated by the transfer system. For the effects of this results, 
the wireless power transfer as charging phone has been used to work out the SAR exposure 
on the human torso. Note that the magnetic field distribution without the magnetic sheet is 
symmetrical. So, the disturbance in the field is mainly attributed to the insertion of the 
magnetic sheet.  

7 Summary 
In a nutshell, overall studies have investigated the SAR and the electric field in 
anatomically based human-body models of the magnetic field emitted from the wireless 
power transfer system with induction coupling. Thus, it is agreed that probably that the 
wireless power transfer has an effect in the human tissues due to an electromagnetic 
absorption. 
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