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       Abstract— A number of different types of instruments are 

available to make resistance measurements including 

electrometers, DMMs, and micro-ohmmeters. resistance are 

measured most often wit electrometers, digital multimeters 

(DMMs), and micro-ohmmeters. Generally, these instruments 

are adequate for measurements. However, they don’t approach 

the theoretical limits of sensitivity.                    A high – 

precision intelligent measurement instrument for low –value 

resistance is presented. The marked characteristics of the 

instrument are large- scale (1µΩ-1MΩ) and high – precision 

(maximum relative error of 0.05%±2 characters). To eliminate 

the effect of ineluctable resistances of wires and random 

contact, the method of four wires measurement is used in the 

instrument. With handler interface, the instrument is potential 

to be connected to a robotized production line of resistance 

implementing automatic selection of resistance. Furthermore, 

PC can communicate with the instrument in virtue of virtual 

panel programmed by Matlab via RS-232 interface and real-

timely monitor the process of production.  

Keywords— measurement, Matlab, resistance virtual panel. 

 

I. INTRODUCTION   

A resistor is an electrical component or device designed 

explicitly to have a certain magnitude of resistance, 

expressed in ohms. Further, it must operate reliably in its 

environment, including electric field intensity, temperature, 

humidity, radiation, and other effects. Some resistors are 

designed explicitly to convert electric energy to heat energy. 

Others are used in control circuits, where they modify 

electric signals and energy to achieve desired effects. 

Examples include motor starting resistors and the resistors 

used in electronic amplifiers to control the overall gain and 

other characteristics of the amplifier [1]. 

Low-value resistance often requires measuring during the 

process of many experiments and productions. Conventional 

pointer or digital multimeter could not measure these 

resistances. In the lab, the resistances can be measured 

utilizing the method of electronic bridge. However, this 

method is relatively complicated and cannot directly display 

the value of the measured resistance [2]. 

In this paper , a high precision measurement instrument 

for low –value resistance is proposed .the instrument can 

measure as small as 1 µΩ resistance with the maximum 

relative error of 0.005%±2 characters, and the measurement 

range is 1 µΩ – 1 MΩ. With method of four wires 

measurement, the instrument can eliminate the effect of 

wires and random contact resistance. The handler interface 

can connect the instrument to a robotic zed production line 

and resistance can be automatically selected. The instrument 

can communicate with a computer (PC) via   RS-232 

interface and the virtual panel programmed by Matlab can 

control the instrument and real-timely monitor the process of 

production. 

II.  MEASUREMENT PRINCIPLE 

The measurement of large or very small quantities is always 

difficult, and resistance measurement is no exception. Values 

above 1MΩ and values below 1Ω both present measurement 

problems. The block diagram of measurement principle of 

the instrument is shown in Fig. 1. The known constant 

current I flow through the measurand resistance Rx, thus the 

measured resistance is converted to a corresponding DC 

voltage. The voltage is amplified and then digitized by a high 

–precision A/D converter (ICL7135) whose outputs (BCD 

code) are sent into a MCU. The MCU decodes the BCD 

codes and the value of Rx is displayed on a LCD. 

 

 

 
 
 

Fig 1 The block diagram of Measurement Principle of the Instrument 
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The instrument can receive commands from a PC and sent 

results, if required, to the PC via a serial interface. The 

physical layer of data transmission is RS-232 implemented 

whit MAX232 supplied by a separate power supply, thus 

preventing the PC's power rail spikes from affecting the 

MCU. The function of the key is to accomplish setup of the 

instruments parameters. With the handler interface, the 

instrument is potential to be connected to a robotic zed 

production line of resistance implementing automatic 

selection of resistance and real – timely monitor the process 

of production. 

 

III. CONSTANT CURRENT SOURCE  

The Fig.1 illustrates that the performance of the constant 

current source is crucial to the instrument's precision and 

stabilization [3] and the basic circuit of the constant current 

source (fig 2) is described as follows. 

 

 

Fig. 2 Basic Circuit of Constant Current Source 

 

In Fig. 2 the resistance Rx is the measured. Vref  is a high-

precision reference voltage source. The amplifier A1, 

resistance R7 and the Darlington circuit constitute the 

amplification circuitry of the Constant Current source. The 

voltage amplifier A2 and voltage follower A3 whit 

resistances R3, R4, R5, R5 and R8 from the voltage feedback 

network. Rref denotes the seven high-- precision reference 

criterion resistances. According to the virtual ground 

characteristic of operational amplifier, we have 

𝑉1

𝑅2
=

𝑉𝑟𝑒𝑓

𝑅1
                                           (1) 

𝑉𝑥−𝑉3

𝑅6
=

𝑉3−𝑉1

𝑅15
                                    (2) 

𝑉3 = 𝑉2 =
𝑉𝑥+𝐼.𝑅𝑟𝑒𝑓

𝑅3+𝑅4
𝑅3                              (3) 

Thus, according to (1) - (3), we get 

𝐼 =
𝑉𝑟𝑒𝑓

𝑅𝑟𝑒𝑓
                                              (4) 

When R1=R2, R3=R4 and R5=R6. The equation (4) 

illuminates that the current I which flows through the 

measured Rx is in proportion to the reference voltage source 

Vref , in inverse proportion to the reference resistance Rref and 

independent of Rx. When Vref and Rref are fixed, the current I 

is constant. Furthermore, the performance of the current I 

depend on the stability of the reference voltage source Vref 

and the reference resistance Rref, so it is essential to use high –

stability components nearly immune to the change of 

temperature. 

 

IV.FOUR WIRES MEASUREMENT 

 The four wire method of measurement is preferred for small 

resistance values use this method. These measurements are 

made using 4 separate wires [4].  This method of 

measurement will produce accurate and consistent results 

when measuring resistances. The resistance measurement 

circuit must be insensitive to the stray resistance, i.e. it is 

stray-immune. The equivalent circuit of the resistance with 

the four wires measurement is show in Fig. 3, where Rx is 

the measured, Rj1, Rj2, Rj5 and Rj6 are equivalent resistances 

of contact  ones between probes and pins of rough resistance 

including the resistances of wires, Rj3 ,Rj4 ,Rj7 and Rj8 are 

equivalent resistance of the points between probes and the 

measured. 

 

 
Fig. 3 Equivalent Circuit of the Measured Resistance 

 

 

During the measurement, probes 1 and 3 are the imports of 

driving current; probes 2 and 4 are the exports of signal 

voltage. The constant current I flows through Rj1, Rj3, Rj4, 

Rx, Rj8, Rj7 and Rj5 (probes 2 and 4 are connected to the 

inverting imports of two voltage followers, respectively),the 

voltage between probes 2 and 4 is only relative to the 

resistance Rj4,Rx and Rj8, thus the effect of ineluctable 

resistances of wires and random contact on the measurement 

is eliminated. Owing to the structure of resistance, the effect 

of the stray resistances Rj4 and Rh8 could not be eliminated, 

but it can be restrained when the pins of resistance use a 

good conductor material (such as silver, copper and so on). 
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V.VIRTUAL PANEL 

 

 

Fig.4 The Virtual Panel Programmed by Matlab 

 

The virtual panel programmed by Matlab (Fig. 4) has the 

entirely same functions and appearance with the physical 

panel of the instrument; it can display the measurement 

values of Rx, relative errors, testing states and LED signs of 

selection result of resistance. In addition, it can receive or 

send commands from or to the instrument implementing the 

set of parameters. Furthermore, whit the handler interface, it 

can communicate with a robotic zed production line of 

resistance and real-timely monitor the process of production. 

 

VI. RESULTS AND DISCUSSION  

More than 100 times tests were performed to verify the 

performance (precision and stability) of the instrument with 

ten criterion resistors of 0.01% relative error at 20 °C. 

The experimental data and the relative errors are 

presented in Tab. 1. The relative errors are no more than 

0.05%±2 characters. 

The precision and stability of the instrument greatly 

depends upon the performance of the constant current source 

I. in the Fig. 2 ,when Vref= -1 V, with different reference 

criterion resistance(1Ω,10 Ω,100 Ω,1K Ω,10K Ω,100K Ω 

and 1M Ω) switched on, the circuitry yields different 

constant current  1A, 100mA, 10mA, 1mA, 100µA, 10µA or 

1µA corresponding to measurement range of            20mΩ - 

2 Ω, 20Ω,  200Ω, 2KΩ, 20KΩ, 200KΩ and 1M Ω, 

respectively. For constant current I, the performance 

descends when the value is smaller, so the relative error 

increases. 

 

 

 

 

Teb.1 Experimental Data and Relative Error 

Criterion 

Resistance 
Measured Resistance 

 

Relative Error 

 

1.0000 mΩ 1.0000,1.0001 mΩ 0.01%±1 char 

10.000mΩ 10.000,10.001 mΩ 0.01%±1 char 

100.00mΩ 100.00,100.01 mΩ 0.01%±1 char 

1.0000Ω 0.9999,1.0000,10001 Ω 0.01%±1 char 

10.000Ω 9.9999,10.000,10.001 Ω 0.01%±1 char 

100.00Ω 
99.998,99.999,100.00, 

100,01 Ω 
0.02%±2 chars 

1.0000KΩ 
0.9997,0.9998,0.9999, 

1.0000 KΩ 
0.03%±2 chars 

10.000KΩ 
9.9997,9.999,9.999, 

1.0000,1.0001 KΩ 
0.03%±2 chars 

100.00KΩ 
99.998,99.999,10.000, 

10.001,10.002 KΩ 
0.02%±2 chars 

1.0000MΩ 
0.9995,0.9997,0.9998,0.999

8,0.9999,1.000MΩ 
0.05%±2 chars 

 

Furthermore, a reference voltage source with low noise 

and drift is recommended for high-precision of the 

instrument. 

VII. CONCLUSION 

In this paper, a high precision measurement instrument 

for low –value resistance has been described. With the 

method of four wires measurement, the effect of resistance of 

wires and random contact on the measurement is eliminated.  

Experimental results show that the instrument can measure 

as small as 1µ Ω resistance with maximum relative error of 

0.05%±2 characters. The measurement range of the 

instrument (1µ Ω- 1MΩ) is wider. With the RS-232 interface 

and the handler interface of the instrument, PC can 

implement communication with a robotic zed production line 

of resistance and real-timely monitor the process of 

production. 
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