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Abstract — Street lighting is an important facility needed to 

support traffic and environmental security, regional 

orientation, city accessories, economic activities, and 

people’s mobility at night. Nowadays automation of the 

street lighting or smart street lighting is applied to save 

energy consumption. However, the use of smart street 

lighting can cause electromagnetic emission which at a 

particular level can interfere with other equipment around 

it and cause them not to work optimally. This research 

observed the conducted emission of smart street lighting by 

applying three different treatments to the sample. The test 

method used for the measurement refers to CISPR 15:2013 

standard. The results showed the value of 49.98 dBuV when 

no treatment applied, 48.88 dBuV with a rearrangement of 

the cable connecting remote terminal unit (RTU) to LED 

lamps, and 48.73 dBuV with the addition of ferrite absorber. 

 
Index Terms — smart street lighting, electromagnetic 

compatibility (EMC), conducted emission (CE), ferrite 

absorber 

 

I.  INTRODUCTION  

Today the urban service and system have led to smart 

cities. Increased data collection, service-oriented 

applications, and data analysis will be driven to create 

new economic services and business opportunities [1]. 

One of the innovations implemented in the urban system 

is smart street lighting which becomes a platform for a 

range of smart city applications [2]. Energy saving is the 

primary purpose of smart street lighting. The other 

advantages of the system are remote fault detection, full 

supervision, critical situation management, removing 

extra cables, and reduction in maintenance cost [3]. The 

smart street light has infrastructure at least data collection 

sensors, LED luminaires (can be dimmed), and 

communication technology [1]. The smart system in a 

street light can generate and emit unwanted electrical 

signals, called electromagnetic noise or pollution, which 

can interfere with other equipment or systems [4].   

The quality performance of the product depends on its 

compliance with the required standard. Product 
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performance may decrease due to unintended factors 

occurred due to product design. One of the factors is 

electromagnetic phenomena. Conducted emission (CE), 

one of the electromagnetic interference (EMI), is noise 

emitted over conductive media. The conducted emission 

measures the electric field in dBµV unit [5][6]. 

Electromagnetic pollution introduced by line-connected 

power electronics equipment can radiate by propagating 

through the power line or using near-field and far-field 

radiation [7]. This study aims to observe the methods to 

reduce conducted emission in EMC measurement of smart 

street lighting. 

II. LITERATURE REVIEW 

A. Standard 

International Special Committee on Radio Interference 

(CISPR) is a standard that is widely used in EMC testing. 

The CISPR 15:2013 standard sets limits on conducted and 

radiated emission testing for electrical lighting and similar 

equipment [8][9]. The limits for the disturbance voltage 

(conducted emission) at mains terminals can be seen in 

Table 1. 

B. Conducted Emission 

The electrical or electronic device can cause an 

electromagnetic noise and conduct into the power supply. 

Therefore it is essential to isolate that electromagnetic 

noise and other disturbances. The line impedance 

stabilization network (LISN) is used to get standard 

impedance and filter out any incoming noise on the main 

power supply to get clear power for equipment under test 

(EUT) placed between the power supply and the EUT 

[7][8].  

 

 

 

 

 
 

Figure 1. Block diagram for conducted emissions measurement setup. 
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TABLE I. DISTURBANCE VOLTAGE LIMITS AT MAINS TERMINALS 

[8][9][10]. 

Frequency Range 

Limits 

dB(μV)a 

Quasi-peak Average 

9 kHz to 50 kHz 

50 kHz to 150 kHz 

150 kHz to 0.5 

MHz 

0.5 kHz to 5 MHz 

5 MHz to 30 MHz 

110 

90 to 80b 

66 to 56b 

56c 

60 

- 

- 

56 to 46b 

46c 

50 

a  At the transition frequency, the lower limit applies. 

b The limit decreases linearity with the logarithm of the frequency in the 

range 50 kHz to 150 kHz to 0.5 MHz. 

c For electrodeless linearity lamps and luminaries, the limit in the 

frequency range of 2.51 MHz to 3.0 MHz is 73 dB(μV) quasi-peak and 

63 dB(μV) average. 

 

C. Mitigation Technique with Ferrite Ring Impedance 

The permeability of the ferrite ring (μ), inductance, and 

frequency are components that can influence the 

impedance value. The other component is the dimension 

of the ferrite ring which consists of D (outside diameter), l 

(length), and d (inside diameter), as shown in Fig. 2a. The 

equivalent circuit of the ferrite ring is shown in Fig. 2b. 

The R(f) and L(f) are frequency resistance and inductance 

respectively [9][11][12]. 
 
 

  
 

 

 

 

 

Figure 2a. Illustration of a ferrite ring: the geometry [9][10][11]. 

 

Figure 2b. Illustration of a ferrite ring: the serial and parallel equivalent 

circuits [9][11][12] 

 

The permeability of ferrite is varied as a function of 

frequency in the form of a complex number which 

consists of a real and an imaginary part. Equation 1 is for 

the series equivalent circuit, and Equation 2 describes the 

parallel equivalent circuit [9][11][12]. The real and 

imaginary parts of the permeability, μ’ and μ”, are applied 

to both of the equations. 

𝑍(𝑓) = 𝑗𝜔𝐿(𝜇′ − 𝑗𝜇")     (𝑂ℎ𝑚)              
(1) 

𝑍(𝑓) = 𝜔𝐿(𝜇′. 𝜇) / (μ' - jμ")      (𝑂ℎ𝑚)             

(2) 
 

Equation 3 defines the inductance (L) of the ferrite 

ring in Henry unit [12]. The ferrite inductance depends 

on the current flowing through the wire conductor inside 

the ferrite ring. The impedance value is proportional to 

the current. The ferrite impedance will be zero if there is 

no current flowing to the circuit. 

L =
1

4π
∫ ∫ (𝜇′ − 𝑗𝜇")

𝐷

2
𝑑

2

1

0
(

l−x

√𝑦2−(𝑙−𝑥)2
+

x

√𝑦2+𝑥2
) 𝑑𝑦 𝑑𝑥            

(3) 

where μ’ is the real part of permeability and μ” is the 

imaginary part of permeability [9][11][12]. 

D. Mitigation Technique with Rearranged Cable  

The cable bundle impedance can affect the EMI 

measurement results significantly. It depends on the 

relationship between the cable bundle impedance and the 

wire impedance [13]. The resonant frequencies of the 

system can be shifted by the presence of a cable bundle. 

The critical factor at frequencies near these resonances is 

cable bundle impedance. Unfortunately, the maximum 

radiation and the highest current generally occur at 

frequencies near resonance [14]. The equation of 

impedance input is given by 

 
                         Zin = j Z0 tan β l   

            (4) 

where 

𝑍0  =   
1

𝜋
√

𝜋

𝜀
 𝑐𝑜𝑠ℎ−1  

𝑠

𝑑
 

s = center to center cable separation; 

d = cable diameter; 

β = phase constant. 

 

The permeability and permittivity of free space can be 

used for 𝜀 and µ in this model although slightly different 

values (depending on properties of the cable insulation) 

may be more compatible for a tightly bundled cable. 

The equation function for the overall lumped impedance 

of a cable bundled with 

        𝑍𝑏𝑢𝑛𝑑𝑙𝑒 = 𝑗 𝑁𝛼 1

𝜋
 √

𝜇

𝜀
𝑐𝑜𝑠ℎ−1 𝑠

𝑑
𝑡𝑎𝑛𝛽𝑙           

(5) 

The relative amount of coupling between the "loops" 

influence the value of α. T h e  v a l u e  o f  α near one 

if flat cable bundles with relatively insignificant inter-

loop coupling, while the value of α approaching two if 

the cable is more tightly bundled. 

The method-of-moments of the numerical 

electromagnetic analysis techniques can be used to 

solve a variety of EMI problems. When the cable 

currents dominate the EMI, these techniques are mainly 

can be used effectively [15][16]. 

D d 

l 

x 

I 

International Journal of Mechanical Engineering and Robotics Research Vol. 8, No. 3, May 2019

© 2019 Int. J. Mech. Eng. Rob. Res 467



Fig. 3 illustrates the configuration o f  a  similar 

loosely bundled cable that readily analyzed. A moment-

method analysis of this configuration is useful because it 

correctly accounts for the loss due to cable resistance 

and radiation and the inter-loop coupling. 

 

Figure 3.  Moment- method cable bundle model [14]. 

III. METHODOLOGY 

The experiments were conducted in the Electronic and 

EMC Laboratory, Center for Material and Technical 

Product, Ministry of Industry, Indonesia. The laboratory 

has the 3-meter Semi-Anechoic Chamber (SAC) and all 

equipment needed for doing this research. The laboratory 

has been accredited for ISO/IEC 17025:2005 (The quality 

standard for testing and calibration laboratories) in EMC 

luminaires testing. 

A. Equipment 

The standard requirement for measuring receivers in 

EMC measurement is explained in CISPR 16-1-1 [17]. 

The CISPR 16-1-2 defines the ancillary equipment for 

conducted emission measurement [18]. 

The LISN is the first main apparatus as shown in Fig.4. 

The brand is EMCO with model 3816/2 and has a 

working frequency from 9 kHz until 30 MHz. 

The EMI Test Receiver from Rohde&Schwarz (RS) 

with model ESCI is the second apparatus needed. The 

Test Receiver is used to produce the average, peak, and 

quasi-peak value [17]. 

Pulse Limiter from RS with model ESH3-Z2 is the 

third apparatus, and it has a working frequency from 9 

kHz until 30 MHz. The input attenuator, preamplifier, 

preselection filter, or input mixer can be destroyed if the 

measurements are performed on devices with very high 

pulse energy or pulse spectral density. Pulse Limiter is 

used to protect the receiver input circuit from transients 

such as surge pulse and high voltage switching[19]. The 

requirement for using Pulse Limiter to provide signals of 

maximum receiver input level without creating nonlinear 

effects is defined by CISPR 16-2-1 standard [17]. 

  

Figure 4. LISN from EMCO.  

 

Figure 5. EMI Test Receiver and Pulse Limiter.  

The last apparatus used is the computer and software 

controller. EMC32 from RS is the software used. 

Correction factors which influence the measurement such 

as cable attenuation and transducer or LISN value should 

be input in the software [20][21]. 

B. Procedure 

Fig. 6 illustrates the experimental setup of CE 

measurement. The receiver needed warmup time for 30 

minutes before starting the measurement. After that, 

connect the Pulse Limiter to the Receiver. Then, connect 

the coaxial input cable to the Pulse Limiter. Next, connect 

the other end of that coaxial cable to the LISN. After that, 

the power supply of the LISN could be connected to the 

grid. The last step is to execute the measurement by 

running the EMC32 software. 

The process sequence of CE testing in the software is 

started by searching for the emission’s peak value by 

sweeping of line phase. After that proceed with sweeping 

of neutral phase less than 30 seconds. Then measured the 

quasi-peak value by doing scanning of line phase 

followed with a neutral phase less than 30 minutes. The 

next process generated a table and a graph showing the 

final quasi-peak and the average value. These values then 

compared with limit from the appropriate CISPR standard 

depends on the EUT. In the experiments, a smart street 

light was used as the EUT. Hence the limit in CISPR 15 

[20] standard was applied. 

 

 

Figure 6. Conducted emission measurement setup diagram. 

Based on EMC standards, average and quasi-peak peak 

limit value are used. However, the more critical value is 

the quasi-peak limit. The principle of the quasi-peak 

detector in EMC measurement is like a peak detector 

followed by a lossy integrator [8]. 
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CE measurement unit is dBμV. Most of EMC 

measurements use decibel because an emission situation 

often faces a huge dynamic range, so a logarithmic scaling 

is more convenient than a linear one [22]. The volt unit is 

much too large when dealing with emission testing so that 

the measurement testing uses μV unit [22]. 

In this research, the CE measurement of smart street 

lighting is divided into three kinds. The first one is the 

basic one as a baseline. The second one is by using cable 

treatment technique. The last one is by placing a ferrite 

absorber upon the rearranged cable. 

For the basic CE measurement, a smart street light as 

EUT was installed and turned on, then connect the other 

end of the coaxial cable to the LISN. The EUT’s mains 

cable should be connected first to the EUT port of LISN 

before connecting the LISN to the grid. Smart street 

lighting is classified as table-top equipment. Thus 

according to CISPR 15 standard, a non-metallic table, 

preferably made from wood, with height 40 cm was used 

to place the EUT [23]. The distance between EUT and 

LISN is preferable to be at 80 cm. Fig. 6 shows the setup 

of basic CE measurement. 

 

 

Figure 7. CE measurement with rearranged cable. 

 

With the same measurement procedure, the CE 

measurement with rearranged cable schematic diagram is 

shown in Fig. 7. The initial condition is the cable between 

Remote Terminal Unit (RTU) and the power supply is too 

long. By rearranging the cable, the effect of the 

measurement result was observed. 

The use of ferrite absorber is one of the main 

suppression methods for the conducted emissions coming 

from the supply network [24][25]. The effectiveness of 

this reduction method was demonstrated by placing a 

ferrite absorber between the RTU and power supply as 

shown in Fig. 8. 

 

 

Figure 8. CE measurement with rearranged cable and the addition of a 
ferrite absorber. 

IV.

 

RESULT AND DISCUSSION

 

A.

 

Basic CE Measurement

  

Fig. 9 portrays the full spectrum graph of basic CE 

measurement. The picture points out three highest average

 

values, denoted

 

by the green

 

diamonds. The solid purple

 

line

 

indicates the average

 

limit of CISPR 15.

 

The highest 

average

 

value is 49.98dBμV

 

at

 

0.43 MHz.

 

  

  

 

Figure 9. Full spectrum
 
graph of

 
basic

 
CE measurement.

 

B.
 

CE
 
Measurement

 
with Rearranged Cable

 

Fig. 10 shows the full spectrum measurement from 

smart street lighting
 

with cable treatment.
 

The graph
 

points out four
 
highest average values, denoted by the 

green diamonds. The highest average value of
 

the
 

measurement
 
is 48.88

 
dBμV at

 
0.42

 
MHz.

 

  

 

Figure 10. Full spectrum graph

 

of CE measurement with rearranged 
cable.

 

C.
 

CE Measurement with Cable Rearrangement and 

Ferrite Absorber Addition 

Fig. 11 shows the full spectrum of CE measurement by 

arranging the cable and adding a ferrite absorber. It points 

out four
 

highest average
 

values, denoted by the green 

diamonds. The highest average value of the measurement
 

is 48.73
 
dBμV at

 
0.42

 
MHz.
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Figure 11. Full spectrum graph of CE Measurement with rearranged 
cable and the addition of a ferrite absorber. 

From Table II, it appears that the average values after 

using the two simple techniques are reduced. The margin 

value is getting smaller after each treatment. Although 

after the two treatments, the average value is still above 

the limit set by the standard.  

TABLE II. COMPARISON OF THE HIGHEST AVERAGE VALUE OF CE 

MEASUREMENT IN SMART STREET LIGHTING 

EUT Frequency 

(MHz) 

Average 

(dBμV) 

Limit 

(dBμV) 

Margin 

(dB) 

Basic 

measurement 

0.43 49.98 47.22 -2.76 

With rearranged 

cable 

0.42 48.88 47.51 -1.37 

With rearranged 

cable and 

addition of a 

ferrite absorber 

0.42 48.73 47.50 -1.23 

V. CONCLUSION 

The conducted emission measurement of smart street 

lighting showed that the product still not complies with 

CISPR 15 standard. This happens because the 

manufacturer is not aware of the product requirement 

related to the EMC standard [26]. The proposed simple 

techniques can reduce the level of conducted emission. 

The reduction level due to the cable arrangement is higher 

than the ferrite absorber utilization. The use of ferrite 

absorber can still be optimized by investigating its 

placement in the EUT.  
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