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Electromagnetic (EM) emissions are a major issue for electronic products. 

Besides electronic products being able to work according to their function, 

they must also comply with EMC standards to avoid producing excessive EM 

emissions. One technique for measuring EM emissions is near field 

measurements. This measurement technique can be used to determine the 

faulty components which contribute to the failure of complying to the EMC 

standards. A near field measurement system consists of near field probes, 

digital oscilloscope, and a probe station which can control the movement of 

the near field probe during measurement process. In this paper, the design 

and development of a dual probe near field measurement system or 

station with high accuracy will be discussed. From instrument testing, 

it can be concluded that the probe station can cover ample scanning 

area with movement accuracy up to 0.05 mm and it is able to work 

well according to the test scenario. The designed probe station is 

verified by measurement and highly recommended to be used for near 

field measurements. 
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1. INTRODUCTION 

Electromagnetic (EM) emissions, whether intentional or unintentional is produced by electronic products 

during its normal operation. Besides the electronic products being able to work according to their function, 

they must also comply with EMC standards which means they are not producing excessive EM emissions 

which could harm other electronic devices. Several EM emission measurement methods used include open 

area test site (OATS)  [1]–[3], anechoic chamber [4]–[6], reverberation chamber [7]–[9], transverse 

electromagnetic (TEM) cell [10]–[12], compact antenna test range (CATR) [13]–[16] and near field scanning 

(NFS) can be used to measure the EM emissions [17]–[23]. Near field measurements of electronic products 

are one of the techniques for obtaining EM emission data from these products. Based on [24], near field 

measurement has significant advantages compared to other techniques. The near field measurement is not 

affected by interference or noise, relatively low cost and is capable of pointing out which components are 

faulty. In general, the EM emission standards produced by electronic products are shown in Figure 1 and Figure 

2 [24]. The FCC divides electronic devices into two classes; Class A and Class B. Class A is for electronic 

devices for industrial, scientific and medical applications, while Class B is for electronic device applications 

in residential environments. In general, class B standards are stricter than class A. Figure 1 shows the release 

limits for class A and class B according to the FCC [25]. Emission standards based on CISPR (CISPR 22) are 

also divided into Class A and Class B. Figure 2 shows the maximum emission limits for class A and class B 

according to CISPR 22 (CISRP 2006). In CISPR 22, the measurement distance between the DUT and the 

receiving antenna is always 10 meters for both Class A and Class B. While in the FCC, the distance between 

the DUT and the receiving antenna is 10 meters for class A and 3 meters for class B [26]. 

 

 
Figure 1. EMC Standard by FCC [24] 

 

 
Figure 2. EMC Standard by CISRP  [24] 

 

One of the most important instruments in the near-field scanning system is the probe controller. During 

the near field measurement, the probe has to be moved to multiple points on a plane above the electronic device 

to measure the radiated emissions In order to get precise and accurate results from the scanning, the movement 

of the probe needs to be automated. Several probe controller instruments have been developed by researchers 

and companies where 1-probe controller instrument products have been produced [27]–[30] while the 2-probe 

controller device has also been studied by Stadtler et al [31] and Balmer [32]. 

The disadvantage of a 1-probe controller instrument is that it cannot perform correlation operations 

between scanning points. Correlation measurement is possible if scanning is carried out using 2 probes and the 

data is taken and stored at the same time. A high resolution and good accuracy of this operating machine will 

be the key to the near field  characterization of the device under test. An automatic and high-resolution 2-probe 

actuation station is required to support more accurate emission measurements. This paper will present the 

design and development of an instrument to control the movement of 2 magnetic probes. The probe station is 

also capable of moving in 3 axis. 
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2. METHODS 

Performing the near field scanning requires the probes to be moved automatically with high accuracy and 

precision. Figure 3 illustrates a near field scanning system with two probes positioned above an electronic 

device (Device Under Test, DUT). The probe is moved according to a certain pattern to get the reading across 

the scanning plane. Measurements using two probes are required to calculate the correlation function from the 

measurements.  

 

 
Figure 3. Schematic of the near-field scanning system 

 

The motion mode for near field scanning will allow the probe to scan along 3 axes (X, Y and Z directions). 

The flow chart of the near field scanning instrument development is shown in Figure 4. In order to achieve the 

objectives, the main specifications for the probe controller instrument need to be determined. Key 

specifications include accuracy, work area, and motion model. In this design, the accuracy of the probe 

movement is 0.05 mm, the maximum working area is 40 x 40 x 20 cm, and the motion mode is capable of 

controlling the probe in 3 dimensions.  

 

 
Figure 4. Flowchart of the steps for the development of a near-field scanning instrument 

 

After determining the specifications of the instrument, we need to determine the mechanical and electrical 

components. The final step of this development  is the testing and validation of the instrument. The  aim of 

testing is to ensure that the instrument meets the specifications before it is ready to be used.  For this test, we 

use Repetier software with the output G Code as shown in Figure 5.  
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Figure 5. Repetier software display 

 

3. RESULT AND DISCUSSION 

An automatic near field measurement instrument was developed with total dimensions of length 77 cm, 

width 67 cm and height 40 cm. This total dimension gives a working area of 40 x 40 x 20 cm. The frame 

material used is extruded aluminium 2020 and 2040. Figure 6 shows the instrument that has been built. 

 

 
Figure 6. The result of the design of an automatic near-field measuring device 

 

The entire actuation mechanism is combined with a rail of type MGN 12 C to produce a stable and smooth 

movement. The bracket to hold the actuator component is made of acrylic with a thickness of 8 mm. Some 

other components made of acrylic are the X-axis holder bracket, Y-axis holder bracket, Z-axis holder bracket, 

stepper motor bracket, probe holder bracket and control box. In addition, some components are made using a 

3D printer machine such as the probe holder and cable bracket. This instrument controller is a combination of 

Ramps 1.4. Figure 7 shows the Ramps network. Ramps 1.4 works to simplify the control process where it can 

be used in a plug-and-play manner. Figure 8 shows the interconnection between components. 

 

 
Figure 7. Ramps 1.4 
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Figure 8. Interconnection between components in the instrument 

 

In this instrument, the stepper motor used is Nema 17 which has a specification of step angle 1.8o and 

holding torque of 40 Nm, with an accuracy of 0.05 mm. Figure 9 shows the stepper motor used in this research. 

The DRV8825 driver is used to control the rotation of the stepper motor with a current setting at 1.3 A. This 

instrument uses two independent controller boards where each controller is programmed to control three 

stepper motors. The motor movement setting is done through the controller's LCD with a 128x64 dot matrix 

type. Figure 10 shows the instrument motion control board. 

 

 
Figure 9. Stepper motor in the instrument 

 

 
Figure 10. Centre of controller 

 

To avoid axis movement that exceeds the working area, this instrument uses 3 units of limit switch sensors 

for each set of axes, so the number of limit switches are 6 units. The control model has 2 modes, namely manual 
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and automatic control mode. Manual mode by using the move axis, while automatic mode by running the 

program which stored in the SD card. This instrument uses a 12 V DC 20 A power supply. 

The performance of the instrument is measured based on two parameters, namely the accuracy and the 

motion based on the scenario and the program being run. The instrument is designed to be accurate to 0.05 mm 

(50 μm). The testing of this instrument is done by designing a program to allow the probe to move 100 steps 

with a total displacement distance of 5 mm, as shown in Figure 11. The G code used to test accuracy is shown 

in Figure 12. 

 
Figure 11. Accuracy testing 

 

 
Figure 12. G code for accuracy testing 

 

Probe movements were tested with two scenarios. First scenario, the movement follows the pattern as 

shown in Figure 13. Figure 14 shows the motion test for the first scenario. The second scenario is movement 

of two probes simultaneously as shown in Figure 15.  Figure 16 shows the motion test for the second scenario 

 

 
Figure 13. Probe movement for the first scenario 
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Figure 14. Illustration of the instrument for first scenario testing 

 

 
Figure 15. Testing movement of two probes simultaneously 

 

 
Figure 16. Illustration of the instrument for the second scenario testing 

 

From the observations it can be concluded that the instrument developed was successful in moving the 

probe according to both scenarios. Table 1 shows a comparison between the instrument that has been designed 

and the existing instrument either in terms of research or commercial. From the table, it can be seen that the 

instrument that has been designed and built in this research has the advantage of controlling two probes 

independently with the high accuracy (50 μm). For these near field measurements, an accuracy of 50 μm is 

considered very high accuracy because in practice the probe movement is in mm. 
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Table 1. Comparison between instruments that have been designed and built with existing 

instruments 

Reference Number of probe Accuracy 

[29] 1 probe 1μm 

[31] 2 probe, 1 probe in the fix position NAN 

[33] 1 probe 10μm 

[32] 2 probe NAN 

[30] 1 probe 10 μm 

[27] 1 probe 2μm 

[28] 1 probe NAN 

[34] 1 probe 50μm 

Instrument (Result of research) 2 probe 50 μm 

 

4. CONCLUSIONS 

The process of design, development and testing of instruments for near-field measurements has been 

described above. One of the important of the implementation of the near field scanning technique is the probe 

controller instrument. Existing probe controllers, both research and commercial products, are single-probe 

controllers. However, it cannot be used for cross-correlation operations between two measurement points. In 

this research, we developed an instrument for the measurement of EM  emission which can move two probes 

simultaneously according to the scenario with high accuracy. The accuracy of the measurement distance is up 

to 50 μm. Maximum working area of this instrument are of 40 cm x 40 cm x 20 cm. With the above analysis, 

it is recommended that this instrument be used for near field measurements. 
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