
 

 

 
 

Department of Electrical Engineering 

 

 

The invention of new type of thermal mass flow meter 

realizing in two-wire 

 

 

 

 

 

 

 

Author: Wu Wenyan 

E-mail: wewu11@student.bth.se 

 

Tutor: Ander Hultgren 

E-mail: anders.hultgren@bth.se 

 

Support institution: SHANGHAI HUAQIANG INSTRUMENT Co., Ltd 

Headquarters： 

No.151, KEYUAN ROAD, SHANGHAI ZHANGJIANG Hi-Tech Park, SHANGHAI, CHINA 

 

Telephone number: +86 21 50276456 

Website: http://www.hqcom.com.cn/englishindex.htm 

 

Institution mentor:  SHENGDENG SHAO 

E-mail: shaosdb@126.com 

 

Date: 2012-06-12 

 

 

 

mailto:wewu11@student.bth.se


Department of Electrical Engineering 

1 

 

Abstract 

  

For more than 20 years, the thermal mass flow meters have been widely used in 

several industries such as the petroleum refining industry, waste water processing 

and steeling making industry. I will call it “TMF” in the rest of the article. The TMF’ 

low-flow sensitivity and fast response have made them the first choice for many 

critical gas flow application. 

 

However, there are still some inadequacies in the TMF. Such as interruption among 

the wires, high cost of the installation and influenced by temperature. 

  

Some of the problem comes from its way of the connection--- four-wire connection. 

Two-wire connection can resolve some of these problems. 

 

In this thesis, the author presents a new type of two-wire installation and use of TMF 

which can be realized low production cost. The author found a new measurement 

method, which is detecting the functional relationship between working current of a 

traditional TMF and the flow. The author also designs a measurement converter 

needed for adequate signal processing so that flow value measurement values can 

be shown in computers.  
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Chapter1:  Introduction 

1.1 Application 

Thermal mass flowmeter is a kind of intelligent device to measure the gas flow, 

especially the gas in low flow rate. I call it ‘TMF’ in the following part of thesis. For 

more than 20 years, the TMF have been widely used in the all kinds of industry, e.g. 

Petroleum refining industry, steeling making industry, and waste water processing. 

The meters’ low-flow sensitivity, fast response and outstanding range ability have 

made them the instrument of choice for many critical gas flow applications. The 

following figures show the typical application of the TMF. The figures are provided by 

the collaboration company. 

             

Figure1.1 flare gas in petroleum industry [1]             Figure 1.2 𝑵𝟐 & 𝑶𝟐 in steeling making industry [1] 

 

Approved for operation in hazardous environment, the TMF can provide direct 

electronic monitoring of gas mass flow rate. Other flow devices, such as orifices, 

turbine meters and vortex meters require temperature and pressure compensation 

to obtain mass flow. Eliminating the requirement for these separate transducers 

significantly reduce installation and maintenance costs. 

 

1.2 The problem in the industry 

Commonly, four-wire connection is used to link the TMF to the computer terminal in 

central control room. The details will be described in chapter2.3. In traditional TMF 

installations the following problems can appear. 

1. Interruption among the wires. 

2. High cost of the installation.  

Because the distance between the scene and central control room is hundred 

meters away, the buyer need to purchase cable to link the TMF to the central 

control room. The cable is expensive. 

3. Hard to detect the fault. 

   If one wire is broken, the other three wires still can form closed electric circuit 

but the accuracy will experience a downward trend. 
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4. Have temperature factor. 

Some of the problem comes from its way of the connection--- four-wire connection. 

Two-wire connection can resolve some of these problems. 

 

In this thesis, the author presents a new type of two-wire installation and use of TMF 

which can be realized low production cost. The author found a new measurement 

method, which is detecting the functional relationship between working current of a 

traditional TMF and the flow. The author also designs a measurement converter 

needed for adequate signal processing so that flow value measurement values can 

be shown in computers.  

 

1.3 Statement of my thesis purpose 

My purpose is to find a new measurement method to measure the gas flow, which is 

based upon the relationship between the working current in a traditional TMF and 

the gas flow. The derivations are performed by mathematic modeling via Matlab. 

 

1.4 Statement of my work part of thesis 

Measure lossless supply current in the lab 

To calculate the flow value, I derive what I define as the lossless current value first. 

Since the good experimental environment and advanced equipment, the working 

current I measured in the lab can be treated as lossless current. I define 𝐼𝑙𝑜𝑠𝑠𝑙𝑒𝑠𝑠 

here to be the supply current from the traditional TMF. And I measure 𝐼𝑙𝑜𝑠𝑠𝑙𝑒𝑠𝑠 in 

the lab, which ranging from 160mA to 200mA. 

 

Mathematic modeling 

I will detect functional relationship between 𝐼𝑙𝑜𝑠𝑠𝑙𝑒𝑠𝑠  and flow via mathematic 

modeling from Matlab.  

 

Calculate  𝑰𝒍𝒐𝒔𝒔𝒍𝒆𝒔𝒔 

The mathematic modeling is based on the data from the lab of the company. But 

when we measure the supply current on the site, it might have some loss. In that 

case, we should calculate 𝐼𝑙𝑜𝑠𝑠𝑙𝑒𝑠𝑠 before we calculate the flow value when my new 

product is applied in the industry. 

 

Calculate practical supply current I 
To calculate the𝐼𝑙𝑜𝑠𝑠𝑙𝑒𝑠𝑠, we need to know the loss supply current first. In other words, 

we need to measure the practical supply current. I define 𝐼 as the practical supply 

current. We can use an A/D converter and a Single Chip Microcomputer AT89C52, 

which I call ‘SCM’ in the rest of the article, to collect the analog input voltage value. I 
define this value as𝑉𝐴. According to this value, we can calculate I. 
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Calculate the resistance of the cable 

The lost current is caused by the resistance of the cable. The cable size, which 

including length and the cross sectional area, material and the temperature outside 

can affect the resistance of the cable. For the TMF, the installation cable has a certain 

size in the cross sectional area and material requirements. Hence, we just need to 

collect the temperature value and length value to calculate the resistance of the 

cable.  

 

Collect temperature value 

We can use a temperature sensor, DS18B20 to sense the temperature signal. The 

cooperation of the SCM AT89C52 can make it get the temperature value. I define the 

temperature value T. 

 

Collect length value. 

Once the TMF has been installed on the site, the length of cable will be a constant 

value, which means that it will not change anymore. Hence we can measure the 

measure the cable length by measuring the distance between the TMF and power 

source. Even though the cable is bent in many places, the length still can be 

measured because the price of the cable has relative to its length. The buyer must 

have installation budget so that it is possible to know how long the cable is used in 

installation. 

 

Here is the calculation flow diagram. It can clearly express all my work parts. 

 

Figure1.3 the calculation flow diagram 
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1.5 Contribution of my thesis 

In this assay, the main contribution is to develop a unique way of using a TMF which 

can be realized in two-wire installation. If the new product can be successfully 

produced, it will be the first type two-wire installation TMF in China. The new 

product can possibly solve part of the problem from the present product, e.g. 

interruption between the wires, high cost of installation. 

 

For the buyer, the can cut about half of the installation cost budget because only two 

cables are needed in the installation. Simultaneously, the accuracy of the device is 

expected to be maintained.  

 

For the producer, this product can improve their market competitiveness. The profit 

from the increasing market share is expected to be much higher than the developing 

cost. 

 

1.6 Result statement 

Display the data transmitted from converter 

This system can show the transmitted data from the converter, the temperature 

value and the analog input voltage value. And we can also input cable length value in 

it. 

 

Display the calculation result of practical supply current 𝑰  

The system can show the practical supply current here. This value is calculated by the 

analog input voltage value 𝑉𝐴. 

 

Display the calculation result of resistance of cable 

The system can show the resistance of the cable here. This value is calculated by the 

cable length and the temperature value. 

 

Display the calculation results of lossless current 𝑰𝒍𝒐𝒔𝒔𝒍𝒆𝒔𝒔 

This man-machine interface can show the lossless supply current. The 𝐼𝑙𝑜𝑠𝑠𝑙𝑒𝑠𝑠 is 

calculated by the practical current 𝐼 and the cable resistance 

 

Display the flow results 

Once we running the LabVIEW, we can get flow value after a serial of calculation. We 

can clearly see that the flow will change with the changing of the temperature, cable 

length and the working current. 

 

Error statement 

Since the company I cooperated with is in China, I have no chance to apply the TMF 

to my project research. That means I do not have the same current source which 
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ranges from 160mA to 200mA as that in the lab. Under this tough situation, I have to 

use USB port in my computer to supply the measurement converter. Thus, the analog 

input voltage, as well as practical supply current is lower than the situation on the 

site. That will lead to the error about the flow value. The results here might be not 

perfect.    

 

Furthermore, based on my modeling, the error rate is 0.007 over than the 

requirement of the company. I suggest the better way to solve this problem. The 

suggestion is described in the chapter5. 

 

I have designed a man-machine interface made by the LabVIEW. This interface is easy 

for the operator to control. The following figure shows what I made in LabVIEW. 

 

 
 

Figure 1.4 the man-machine interface I designed based on LabVIEW 
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Chapter2:  Background  

2.1 Introduction of the company 

Shanghai HQ Instruments Co., Ltd is one of the most famous flowmeter companies in 

China. In the early 1980’s, Shanghai HQ Instruments Co., Ltd is specialized in flow 

instrumentation. It is also one of the earliest enterprises for producing and 

developing automation control system. In 1992, it invested more than 50 million in 

Shanghai Pudong Zhangjiang High-tech Park. At the same time, it has built HQ 

Building for 7500m2 areas, named ‘Shanghai HQ Headquarters Building’. This 

building became the largest high-tech professionals’ flow meter calibration and 

testing production bases in China, including three sets of high-precision gases, liquids, 

steam flow calibration device, and Intelligent Instrument of automatic test 

equipment. [1] 

 

The following figure is the product of the TMF from the company. 

 

 
Figure2.1 the product of thermal mass flowmeter [1] 
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2.2 Principle of the thermal mass flow meter 

Sensor:  

There are two resistances in the thermal mass flowmeter, called ‘velocity sensor ‘and 

‘temperature sensor’.  

 

The velocity sensor measures the gas flow velocity.  It should be supplied with 

current above 50mA so that it can provide heat power to maintain the temperature 

of it being higher than the gas flow around it. We define the temperature of the 

velocity sensor 𝑇𝑠 

 

The temperature sensor measures the temperatures of the gas flow around it. On 

contrary to the velocity sensor, the current of the temperature senor should be 

controlled bellow 4mA so as not to itself being heated. We define the gas 

temperature here 𝑇𝑎 

 

Here is the figure of the measurement sensor. The figure provided by the company. 

 

Figure 2.2 the measurement sensor at the end part of the TMF [1] 

 

Sensing principle: 

We should maintain the temperature differential a constant, which means, 

    TS − Ta= Constant. 

 

When the gas flows around the velocity sensor, it will take up a part of heat around 

the velocity sensor. Obviously, the  𝑇𝑆 will be decreased here. Hence, we need to 

compensate power on the velocity sensor to increase its temperature.  

 

Only in this case can the temperature differential keep a constant. The gas velocity 

has relationship with the taken up heat. The heat has relationship with the 
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compensate power. We get the flow according to the compensate power. 

 

Display principle: 

The output current signals are controlled from 4mA to 20mA, which means the 

outputs current are standard signals. The amount of the flow has relationship with 

the value of the output current. The more the current is, the more the amount of 

flow will be. 

 

The two wires with the current ranged from 4mA to 20mA connect to a kind of 

modem. There is a 250Ωresistance inside the modem. When the current goes 

through this resistance, the modem can detect voltage signal on this resistance. After 

that, the modem will convert the physical voltage signals to digital signals. Finally, the 

amount of the flow can be shown in the computer after some calculation. 

2.3 Introduction of installation 

Two wires from the TMF have been connected to the source of power. I call this two 

wires ‘power wires’ in the following content. The other two wires were linked to a 

kind of modem. The modem is used to change the physical electric standard signals 

to digital signals. I call this this two wires ‘signal wires’ in the following content. 

 

The current of the signal wires, which are linked to the modem, ranges from about 4 

mA to 20mA. That means the output signal is standard signal. The value of the 

current depends on the amount of the gas flow. The more the gas flow flows around 

the sensor, the much more current will be output.  

 

The following figure is the installation diagram of the traditional TMF. The figure is 

provided by the company. 

 
   Figure 2.3the transitional installation diagram [24] 
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Chapter3:  Hardware design 

3.1 Source of idea 

The traditional way to realize two-wire way connection is to make the two wires both 

be the power wires and signal wires. 

 

Based on the principle of the TMF, the signal wires connect to a kind of modem. The 

value of the gas flow depends on measuring the current signals from the signal wires. 

The standard current signals range from 4mA to 20mA. The supply voltage for the 

used TMF is 24 volts DC, and the supply current is about 180mA. 

 

Hence, if I assume two-wire way connection in the form of the following figure, I 

have to change the supply current to be low, i.e. as low as 4 mA. To enable the 

transmission of power the supply voltage has to be increased up to about 1080 Volt. 

This is of course unrealistic.  

 

Figure3.1 assumed two-wire installation diagram of the TMF 

 

According to what I mentioned above, the better way is not to change the inner 

component but the outer measurement method. 

 

3.2 Working principle 

In the author’s design, the TMF is directly connected to a measurement converter. 

The converter measures the analog input voltage and temperature. At the same time, 

it supplies the TMF with power. That means that two wires both are the power wires 

and signal wires. The difference from a traditional two-wire system is that the 

measurement current signal here is not standard any more. It is just the supply 

current, which amplitude is dependent on the flow. The voltage which is supplied to 

the TMF should be 24 DC volts.  
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The installation diagram has been shown below. 

 
Figure3.2 a new type of two-wire installation diagram in my design 

 

The designed measurement converter realizes three functions. The first one is to 

detect the temperature signal. The author chooses a temperature senor, DS18B20 to 

realize this function. The temperature value is saved in a SCM, AT89C52. The second 

one is to detect the analog input voltage and convert it to digital signal. The author 

chooses ADC0832 to realize this function. The analog input voltage value can be 

saved in this SCM, either. The third function of the converter is to transmit these 

digital data to the computer. The MAX232 is a communication chip, which can link to 

the communication port, RS232 from the computer. After some calculation, the 

amount of the flow can be shown in the computer. 

  

For the computer terminal, I use LabVIEW to control the whole system. Before 

running the program in LabVIEW, I should initialize the system and input the cable 

length. Then the LabVIEW system starts to work. Firstly, it receives the temperature 

data and analog input voltage data from the SCM inside the converter. Secondly, it 

calculates the resistance of the cable according to the cable length, temperature 

value. Thirdly, it calculates the lossless value according to the analog input voltage 

value and resistance of the cable. Finally, we call the fitted function from the Matlab 

to calculate the flow value. For the sake of safety, I design an alarm system. If the gas 

flow is out of the measuring range, the alarm button will show in red, otherwise it 

shows in green.  

 

The whole procedure of the working principle has been described by a figure, which 

has been shown below. 
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Figure 3.3 my working principle flow diagram 

 

The TMF is installed in the industrial site. But the converter, the computer terminals 

and the power source are all in the central control room which are hundred meters 

away from the site. The power source in the central control room supplies DC voltage 

to the converter. 

 

3.3 Introduction of hardware 

3.3.1AT89C52 

 

Figure 3.4 the physical image of the STC89C52 [25] 
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Function 

The AT89C52 chip can realize many functions. In this thesis, its main function is to 

save analog input voltage value and temperature value with the cooperation of 

ADC0832, DS18B20. 

 

Introduction 

The Atmel AT89C52 chip is an Intel 8051-compatible family of 8 bit microcontrollers 

(µCs) manufactured by the Atmel Corporation. [5] 

  

Based on the Intel 8051 core, the AT89C52 chip remains popular as general purpose 

microcontrollers, due to their industry standard instruction set, and low unit cost. 

This allows a great amount of legacy code to be reused without modification in new 

applications. The figures of the chip and the functional table are shown below. [5] 

 

Figure 3.5 the STC89C52 Pin Configurations [26] 

 

Table 3.1 DIP Package Pin Layout [5] 

number Port pin name Alternate functions 

1 P1.0 T2 External count input to Timer/Counter 2),clock-out 

2 P1.1 T2EX Timer/Counter 2 capture/reload trigger and direction control 

3 P1.2  8-bit bi-directional I/O port with internal pull-ups’ 

4 P1.3  8-bit bi-directional I/O port with internal pull-ups 

5 P1.4  8-bit bi-directional I/O port with internal pull-ups 

6 P1.5  8-bit bi-directional I/O port with internal pull-ups 

7 P1.6  8-bit bi-directional I/O port with internal pull-ups 

8 P1.7  8-bit bi-directional I/O port with internal pull-ups 

9  RST Reset input. 

10 P3.0 RXD Serial input port 
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11 P3.1 TXD Serial output port 

12 P3.2 INT0 External interrupt 0 

13 P3.3 INT1 External interrupt 1 

14 P3.4 T0 Timer 0 external input 

15 P3.5  T1 Timer 1 external input 

16 P3.6  WR External data memory write strobe 

17 P3.7  RD  External data memory read strobe 

18  XTAL2 Output from the inverting oscillator amplifier 

19  XTAL1 Input to the inverting oscillator amplifier and input to the 

internal clock operating circuit 

20  GND Ground 

21 P2.0 A8 an 8-bit bi-directional I/O port with internal pull-ups 

22 P2.1 A9 an 8-bit bi-directional I/O port with internal pull-ups 

23 P2.2 A10 an 8-bit bi-directional I/O port with internal pull-ups 

24 P2.3 A11 an 8-bit bi-directional I/O port with internal pull-ups 

25 P2.4 A12 an 8-bit bi-directional I/O port with internal pull-ups 

26 P2.5 A13 an 8-bit bi-directional I/O port with internal pull-ups 

27 P2.6 A14 an 8-bit bi-directional I/O port with internal pull-ups 

28 P2.7 A15 an 8-bit bi-directional I/O port with internal pull-ups 

29  PSEN read strobe to external program memory 

30  ALE/PROG ALE: Output pulse for latching the low byte of the address 

PROG: the program pulse input  

31  EA/VPP EA: be strapped to VCC for internal program executions. 

VPP: receives the 12-volt programming enable voltage 

32 P0.0 AD0 8-bit open drain bi-directional I/O port 

33 P0.1 AD1 8-bit open drain bi-directional I/O port 

34 P0.2 AD2 8-bit open drain bi-directional I/O port 

35 P0.3 AD3 8-bit open drain bi-directional I/O port 

36 P0.4 AD4 8-bit open drain bi-directional I/O port 

37 P0.5 AD5 8-bit open drain bi-directional I/O port 

38 P0.6 AD6 8-bit open drain bi-directional I/O port 

39 P0.7 AD7 8-bit open drain bi-directional I/O port 

40  VCC Supply voltage 
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3.3.2DS18B20 

 
Figure 3.6 the physical image of the DS18B20 [27] 

 

Function: 

DS18B20 is a kind of temperature senor which can sense the temperature from -55℃ 

to +125℃. The temperature measurement range satisfies the situation of this project 

in the thesis. 

 

Introduction: 

The DS18B20 is produced by the company, Dallas Semiconductor from the U.S.A. The 

temperature sensor’s low error rate, high speed of conversion, and reasonable price 

has made it widely used in all kinds of instruments. [5] 

 

 

Figure 3.7 the DS18B20 Pin Configurations [5] 

 

Tabble3.2 DS18B20 Package Pin Layout [5] 

 

 

 

 

 

 

 

 

Port pin Name  Alternate Functions 

1 GND Ground 

2 DQ Communication port 

3 VDD Voltage supply 
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3.3.3ADC0832 

 

Figure 3.8 the physical image of the ADC0832 [28] 

 

Function: 

The function of the chip is to sense the voltage in analog input port and covert the 

analog signal to digital signal. 

 

Introduction: 

ADC0832 is an analog-to-digital conversion chip produced by the company, National 

Semiconductor from the U.S.A. The chip’ miniature size, high speed of conversion, 

and reasonable price has made it widely used in all kinds of instruments. [5] 

 

The rated voltage is 5 volts. The input voltage ranges from 0 volt to 5 volts. The rated 

working power is 15mW. [5] 

 
Figure 3.9 the ADC0832 Pin Configurations [28] 

  

Tabble3.3 ADC0832 Package Pin Layout [28] 

 

 

 

 

 

 

 

 

 

 

Port pin name Alternate Functions 

1 CS Chip Select (Active Low) 

2 CH0 Analog signal input channel1 

3 CH1 Analog signal input channel2 

4 GND Ground  

5 DI Digital signal data input channel 

6 DO Digital signal data output channel 

7 CKL Serial clock input terminal 

8 VCC Supply voltage 
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3.3.4MAX232 

 

Figure 3.10 the physical image of the MAX232 [29] 

 

Function: 

The MAX232 is an integrated circuit that converts signals from an RS-232 serial port 

to signals suitable for use in TTL compatible digital logic circuits. The MAX232 is a 

dual driver/receiver and typically converts the RX, TX, CTS and RTS signals. 

 

Introduction: 

The drivers provide RS-232 voltage level outputs from a single + 5 V supply via 

on-chip charge pumps and external capacitors. This makes it useful for implementing 

RS-232 in devices that otherwise do not need any voltages outside the 0 V to + 5 V 

range, as power supply design does not need to be made more complicated just for 

driving the RS-232 in this case. [5] 

  

The receivers reduce RS-232 inputs, which may be as high as ± 25 V, to standard 5 V 

TTL levels. These receivers have a typical threshold of 1.3 V, and a typical hysteresis 

of 0.5 V. [5] 

  

The later MAX232A is backwards compatible with the original MAX232 but may 

operate at higher baud rates and can use smaller external capacitors – 0.1 μF in place 

of the 1.0 μF capacitors used with the original device. [5] 

  

The newer MAX3232 is also backwards compatible, but operates at a broader voltage 

range, from 3 to 5.5 V. [5] 
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Figure3.11 MAX232 Pin Configurations [30] 

 

Table3.4 MAX232 DIP Package Pin Layout [5] 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

  

  

 

 

 

3.4 Structure of the product 

This is the structure diagram. The ADC0832 links to the AT89C52 so that the analog 

voltage value hare can be saved in the AT89C52. The DS1820 connects to the 

AT89C52 so that the temperature value can be saved in it, either. MAX232 is a 

communication chip. The AT89C52 bridges to the MAX232 so that the data saved in 

it can be transmit to the computer terminal via this communication chip. 

Port pin Name Purpose 

1 C1+ + connector for capacitor C1 

2 V+ output of voltage pump 

3 C1- - connector for capacitor C1 

4 C2+ + connector for capacitor C2 

5 C2- - connector for capacitor C2 

6 V- output of voltage pump / inverter 

7 T2out Driver 2 output 

8 R2in Receiver 2 input 

9 R2out Receiver 2 output 

10 T2in Driver 2 input 

11 T1in Driver 1 input 

12 R1out Receiver 1 output 

13 R1in Receiver 1 input 

14 T1out Driver 1 output 

15 GND Ground 

16 VCC Supply voltage 
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Figure 3.12 the measurement converter connection diagram 

 

In my design, I make the TMF directly connect to the measurement converter. That 

means that the two wires both deliver the power to the TMF and the measurement 

signal. But the difference is that the measurement signal in the application is not the 

standard measurement signal from the TMF, it is the supply current that is 

interpreted as also the measurement signal. 

 

The supply voltage of the TMF is 24v DC. LM78M05 is used to stably transform 24v 

DC into 5v DC. According to the requirement of the company, the voltage of the 

analog input port should be about 1.6 volt. Since some of the SCM has its own AD 

converter inside the chip, the signal collection of the voltage should be about 1.6volt. 

In this project,                      Ilossless = ⌈160,200⌉mA              

According to the ohm’s law:           R3 =
V

Ilossless
                       (1)  

                                 R3 =
1.6v

200mA
= 8Ω 

Hence,                               V+ =  Ilossless × R3                 (2) 

                               V+ = ⌈1.28 ,  1.6⌉v 

 

 

But for this chip ADC0832, the signal collection voltage ranges from -10 v to +10v. So 

we need to amplify the voltage to +10v. 

The ideal op-amp model condition is:      V− = V+  and  I− = I+            (3) 

Using the fact that:                    I− = 0 and V− = Vin = VB         (4) 
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The KCL equation at the negative terminal of the op-amp is: 

 
VB

R4
=
VA−VB

R5
                 (5) 

Thus, the voltage gain is                     
VA

VB
= 1 +  

R5

R4
                

To get the VB ≈10v, we must satisfy:             
R5

R4
≈ 5 

We choose:                             R5=5kΩ, R4=1kΩ,        

Here the voltages range:                   𝑉𝐴 = [7.68 , 9.6] v 

[13], [14], [15] 

3.5 Experiment 

3.5.1 The introduction of equipment 

The SONIC NOZZLE, also known as a "Critical Flow Venturi" or "Critical Flow Nozzle" is 

accepted internationally as a flow measurement standard and flowmeter. Sonic 

Nozzles can be used as a calibration standard for gas mass flowmeter or any flow 

measurement device. By design, Sonic Nozzles are a constant volumetric flowmeter. 

The device has been shown below. The picture is provided by the company. 

 

 

Figure3.13 Sonic nozzle flow testing device—back part [1] 

 
Figure 3.14 Sonic nozzle flow testing device---head part [1] 
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3.5.2 The steps of the experiment 

Step1 Install the TMF 

Firstly, we need to install the TMF into the corresponding testing pipe. At the same 

time, we link an ammeter between the anode of power source and the anode port of 

TMF to measure the working current. 

  

Step2 Reset system 

When the Sonic Nozzle testing device is on power, we need to reset some 

parameters in the PC control system. The parameters include pressure, temperature, 

gas density, and the diameter of the testing pipe. 

 

Step3 Measure the current in different amount of gas flow 

Once we determined the TMF’s caliber, we set the caliber value to the PC control 

system, the system will automatically show 16 different amount of gas flow which are 

all under the TMF’s maximum measurement range. Since TMF’s different kind of 

caliber have different gas measurement range, we need to set the caliber value first. 

The Sonic Nozzle flow testing device can control the gas flow in these 16 different 

amounts so that we can measure the working current in these amounts via ammeter. 

 

Step4 Record data 

We choose four TMF in different caliber which are commonly applied in the industry. 

In each type of TMF, we record working current in 16 amounts of gas flow in three 

times. In each amount of as flow, we measure current for three times. In other words, 

we need to measure current in  3 × (4 × (16 × 3))  times. When we get these 

data, we calculate the average current of each type of TMF in 16 amounts of gas flow, 

which means we need 4 × 16 current data. The table of data has been shown in the 

Appendix. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Department of Electrical Engineering 

29 

 

Chapter4:  Software design 

4.1 Mathematic modeling---based on the mat lab 

 

The purpose of using Matlab is to fit the function between the 

lossless supply current and the flow. We aim to measure the 

flow according to the fitted function. And we get the lossless 

supply current values from the lab.  

 

Figure4.1 the logo of Matlab [31] 

 

As I described in the chapter 3, we do every experiment three times, so I should 

calculate the average current value first. This calculation will in the step of ‘import 

and scan data’. 

 

The following figure is the procedure flow chart 

 

Figure4.2 the flow diagram of fitting function based on Matlab 
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Initialize the system 

We should close and clear all the running script before we run this program. This 

order makes sure that the system will not be crashed. 

 

Import and scan data 

Because we have lots of experimental data, it’s inconvenient to write all the data in 

the program. The data can be saved in other file path. They will be imported into the 

program when necessary. This process can make the program more refined. We use 

the ‘fopen ()’ order in the Matlab to import data. We should input the file path of the 

data into the bracket.  

We use ‘textscan ()’ order in the Matlab to scan the data. We should input the file 

path and the number of the columns which we need to scan. 

 

Fitting function and plot figures 

We use ‘polyfit ()’ order in the Matlab to fit the function. The data string of variable, 

the data string of function and the maximum power of the variable should be 

included in the bracket. 

We use ‘polyval ()’ order in the Matlab to return the value of a polynomial of degree 

n evaluated at variable x. in this situation, we can get the equation about flow and 

working current. 

The results of the fitting function can be shown below. 

 

Figure4.3 results of fitted function 

 

We use ‘subplot ()’ order in the Matlab to make four figures in one picture. As the 

picture is shown at first, the four types of TMF’s functional diagram are in one picture. 

The number of line and columns should be included in the bracket. 

We use ’plot ()’ order in the Matlab to plot figures. To clearly show the comparison 
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between the data and the fitted function, the data string of variable and function, 

and the fitted functional diagram should all be included in the bracket. 

 

We use ‘xlabel ()’ order in the Matlab to name the figure. The title or headline of the 

figure should be included in the bracket. 

 

The figures are shown below. 

 
Figure4.4 the fitted functional sketch 

 

 

Deviation calculation 

Deviation requirement 

The TMF needs the error rate to be controlled in the range of ±1％. The results 

from the data have a certain deviation from the value in fitted function. Hence, we 

need to calculate the deviation before we choose the fitted function. Only the 

deviation is under the error range can be choose to do the calculation on flow. 

 

Calculation method 

During the experiment, we get a current value corresponding to a flow. When these 

data are used into fitting function, we can get a function equation. But the current 

value points are not all in the respective flow values curve. 

 

As I mentioned in the chapter 3, there are four groups of experimental data. These 

four groups of data represent four different caliber of the TMF. Each group of data 

has 16 flow values corresponding to 16 current values. Our aim is to find the 

deviation between the experimental flow values and calculated flow values via 

Matlab. 

 



Department of Electrical Engineering 

32 

 

Calculation steps 

Firstly, I put the experimental current values into the fitted equation to get the 

calculated flow value. I use ‘fx=polyval ()’ order in the Matlab to get the calculated 

flow f(x). 

 

Secondly, I compare the results to the experimental flow value and calculate the 

error rate. I use‘s=abs ((fx-y). /y) ’order in the Matlab to get the absolute value of the 

error rate. 

 

Thirdly, I compare all the error rates s and get the maximum error rate. I use the loop 

‘for’ to realize this function. 

 

Finally, I judge whether the maximum error rate is in the range of the required error 

range. 

 
Figure4.5 the deviation results 

 

Deviation analysis 

During the process of fitting function, I figured that the choice of variable can 

influence the deviation. If we choose lossless supply current to be the variable 𝑥, and 

flow value as the functional value y, the error rate is low. But if we choose flow value 

to be variable, and lossless supply current to be the functional value, the error rate is 

higher than the previous situation. 

 

For example, we set the maximum polynomial degree value to 3, the figures are 

shown below. We can see that the deviations are different.  

 

According to the figure4.6 or figure4.7, the reader might see that the flow value has 

a certain distribution in each of the figure, i.e. in caliber100; the range of the flow 

value is from 0 to 100, in caliber200, the range is from 0 to 200.  

 

Then the reader might ask if the flow value is out of the range, whether the accuracy 

is as well as the range within. My answer is that I do not care about that. Since for 



Department of Electrical Engineering 

33 

 

every type of TMF, it has its measurement range, we only need to promise the 

accuracy in the measurement range is within the required error rate. 

 

 
Figure4.6 the graph of the fitted function in first situation,  

x represents supply current value, y represents flow value 

 

 

Figure 4.7 the graph of the fitted function in second situation 

x represents flow value, y represents supply current value 

 

  

After lots of similar comparison, I can get flowing results. In first situation, the 

deviation can be controlled within the required error range, which is±1%. In the 

second situation, the deviation is at least+2.7%. But if we can adjust the error range 
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[−1%,+1%]  to [0, +2%], the result is still close to the error range, which means 

the research is still available to application. According to this situation, I will give the 

suggestion to the company in the following part of the essay. 

 

Figure 4.8 the deviation and fitted function in first situation 

x represents supply current value, y represents flow value 

 

 

 

Figure 4.9 the deviation and fitted function in second situation 

x represents flow value, y represents supply current value 

 

 

In this essay, the author chooses the second situation to keep studying the project 

after communicating with the tutor in company. Because he needs to confirm that 

even in the worse situation, the error rate can still be controlled in the requirement. 
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Intelligent program and Output the results 

I created a man-machine interface in the Matlab so as to make the program more 

intelligent to see an easier to control. Furthermore, the other employee can dig the 

research based on my study. 

 

Input dialog 

I use the ‘inputdlg ()’ order in the Matlab to create this box. The box can only input 

one number. This number is the value of polynomial of degree n when the Matlab 

fitting the function. According to the requirement of the company, the deviation 

should be controlled among ±1％ for the product. I will choose the value of 

polynomial of degree n which can satisfy this requirement. There are lots of n which 

can meet with requirement. We’d better choose the minimum one so as to make the 

calculation as easy as possible. 

 
Figure 4.10 the input dialog box from Matlab 

 

Question dialog 

I set three functions, which are ‘continue to run the program’, ‘finish’ and ‘results in 

detail’. I use ‘continue’ order in the Matlab to make the program run again. I use 

‘break’ order in the Matlab to finish the program. If the controller chooses ‘results in 

detail’, the fitted functions and their deviation can be output. The results will be 

shown in the form of massage box. The interface is shown below. 

 

 
Figure 4.11 the intelligent window from Matlab 
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Message box 

I use ‘msgbox ()’ order in the Matlab to import the results of the mathematic 

modeling in details. The results include the fitted function and its deviation in 

different caliber. The massage box is shown below. 

 

Figure 4.12 the output results from Matlab 

 

 

Build a communication channel to the LabVIEW 

In my design, the whole system likes a group. The group leader is LabVIEW system. 

The converter and mathematic modeling system are group members. Converter 

system’s work is to sense the temperature and analog input voltage via C++ in SCM. 

The mathematic modeling system’s work is to fit function via Matlab. After the 

group members finished their job, they need to give their results to the group 

leader via communication channel. The group leader’s work is to analyze these 

results together and get final result. 

 

The one of the best communication channel is text file. The LabVIEW can calculate 

the lossless supply current, which means the LabVIEW system can get the variable 

from Matlab in specific value. Thus, we only need coefficient of the variable. 

Fortunately, after getting the fitted functions, the Matlab can automatically record 

the coefficients of the variable in every fitted function in a text file. So, when doing 

the flow calculation, the LabVIEW system can open and scan the data from this text 

file. 

 

Every time the controller runs the Matlab program, it will cancel the previous 

recorded coefficients first. Meanwhile, every time the controller breaks the Matlab 

program, it will also automatically record these coefficients according the last time 

running the program. 
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4.2 Converter----based on C++ in the center of the SCM  

Except for being the power source as I mentioned in last 

chapter, the converter will also realize other three 

functions. The heart of the converter is a type of 

SCM—STC89C52. I choose C++ to be the programming 

language. 

 

Figure4.13 logo of C++ [32] 

Introduction of the function 

The first function is to sense and read the voltage signals from the analog input port. 

The voltage range has been calculated in the chapter3.4. Then the A/D converter will 

change these physical voltage signals to digital voltage signals. These digital voltage 

signals can be saved in the SCM—AT89C52. All the process is based on the C++. 

 

The second function is to sense the temperature. Because the temperature can have 

influence in working current value, we need to add the current value loss to the final 

current calculation. We use the temperature sensor DS18B20 to sense the 

temperature. The value of the temperature can be saved in SCM—STC89C52. The 

whole process is based on the C++.  

 

The third function is to transmit the data to computer terminal from SCM. I choose 

the communication chip MAX 232 to realize this function. The whole process is based 

on the C++.  

 

During my research, I found there are some problem in the in the measurement 

converter. I will describe in in the chapter 5. Here is the flow diagram of the 

converter. 
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Figure 4.14 the flow diagram of the measurement converter 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ATC89C52 

MAX232 

Computer 

DS18B20 A/D converter 

Analog input voltage signal (v) 

 

Temperature signal(℃) 
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4.3 Computer interface -----based on LabVIEW 

 

LabVIEW, short for ‘Laboratory Virtual Instrumentation 

Engineering Workbench’, is a system design platform and 

development environment for a visual programming 

language from National Instruments. 

 

 

Figure4.15logo of LabVIEW [33] 

 

The produced program from LabVIEW is the form of block diagram. The graphical language is 

named "G" (not to be confused with G-code). LabVIEW is commonly used for data acquisition, 

instrument control, and industrial automation on a variety of platforms.  

 

The author will create an intelligent man-machine system to combine all the 

functional modules together and get the final gas flow value. The following figure is 

the procedure flow chart via LabVIEW. 

 

 

Figure 4.16 the diagram of calculating flow value from the LabVIEW 
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4.3.1 Receive data 

Firstly I will use VISA module to make the communication between the C++ programs in the 

SCM and LabVIEW. In other words, the author make the LabVIEW system can read the C++ 

programs in the STC. More specifically, I make the LabVIEW system receive the temperature 

and the practical working voltage. This is the most difficult part in the whole thesis. 

Initialize  

We should set an appropriate communication port. Commonly, we choose COM4 or 

COM5. The baud rate should be 9600 bit/S. The data bit is 8 bit/S. The parity should 

be none. The stop bit is 1.0bit/S. The flow control is unnecessary. The most import 

thing in this step is to input the cable length. It is one of the key parameter in the 

calculation of the cable resistance. The following figure is from the LabVIEW. 

 

 
Figure4.17 initialize system module 

 

Receiving data 

A. Transmit data 

 

We need to transmit temperature value and voltage value from the measurement 

converter to the computer. The temperature ranges from -40.0 ℃to +40.0 ℃. And 

the voltage value ranges from 7.68 volt to 9.60 volt.  

 

The temperature value and analog input voltage value are saved in the AT89C52 in 

the form of binary number with sign bit. These data will be transmitted to the 

LabVIEW system in the computer via the communication port MAX232. But during 

the communication between communication chip MAX232 and communication 

module VISA, the data will be saved in the form of hexadecimal number. When the 

LabVIEW system read the data from the VISA module, the data will be saved in the 

form of binary number without sign bit. I will make an example in the following 

section to illustrate the problem. 
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E.g. we need to transmit the temperature value 12.3℃ and analog input value 7.89v 

 

AT89C52             MAX232               VISA               LabVIEW 

 

  

When we receive the data, it will display in decimal number in the LabVIEW. We can 

see from the table, the data has been plus 128 during the transmission. Hence, we 

need to minus 128 before we display the data in the LabVIEW. The result has been 

shown below.  

 

VISA                 LabVIEW                 Operator 

 

     

 

                     

 

 

 

 

 

 

 

 

 

Furthermore, we have problem in order, either. I will use the same example to 

demonstrate the problem.  

 

The data can be transmitted in the order of 237891, 378912 or 789123, and so on. So 

I will mark a symbol to help us find the beginning of the data. I choose to mark a 

decimal number 10 at the beginning of the decimal data because the transmitted 

decimal numbers range from 0 to 9. And the data will be in the form of hexadecimal 

number during the transmission, which means the decimal number 10 represents 

hexadecimal number A. Obviously, the hexadecimal number A can be distinguished 

from the other data. In this situation, we need to transmit 7 numbers to the 

computer. When transmitting to the computer, the worst case is that the number in 

Decimal 

number 

Binary 

number 

with sign bit 

1 10000001 

2 10000010 

3 10000011 

7 10000111 

8 10001000 

9 10001001 

Decimal 

number 

Hexadecima

l number 

1 1 

2 2 

3 3 

7 7 

8 8 

9 9 

Decimal 

number 

Binary number 

without sign 

bit 

129 10000001 

130 10000010 

131 10000011 

135 10000111 

136 10001000 

137 10001001 

Decimal 

number 

Binary number 

without sign 

bit 

129 10000001 

130 10000010 

131 10000011 

135 10000111 

136 10001000 

137 10001001 

Decimal 

number 

Binary number 

without sign 

bit 

Received 

data 

129 10000001 129-128=1 

130 10000010 130-128=2 

131 10000011 131-128=3 

135 10000111 135-128=7 

136 10001000 136-128=8 

137 10001001 136-128=9 



Department of Electrical Engineering 

42 

 

the order of 123789A. To solve address this case, we can transmit 13 numbers, which 

means the number can be transmitted in the form of 123789A123789. But according 

to Chinese culture, the number 13 is an unlucky number. So I decide to transmit 14 

numbers during the transmission. 

 

When doing the part of receiving data, we just need to receive the data after the 

hexadecimal number A. The details will be described in the next section. The 

following figure is the data transmission module from the LabVIEW. 

 

 
Figure 4.18 the data transmission module 

 

Select the transmit data 

As I mentioned in the previous part, we need to minus 128 during the transmission 

of data. And I also mentioned in the previous part, I put a mark, hexadecimal number 

10 in front of the data which we want to receive. The mark represents the decimal 

number of ten. Hence when we receive data, we should check which decimal 

number minus 128 equals to 10. The next 6 decimal numbers are the data we want 

to receive. This process is the same as the program I wrote below. 

 

int i; 

float y,p; 

for (i=0; i<10;i++) 

if(x[i] ==138) 

break; 
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Here is the data selection module in the LabVIEW system. 

 

Figure4.19 the data selection module 

 

Receive and restore data 

After last two steps, I can receive and restore the data. The first three numbers are 

the ten digits, the unit, and the tenths of the temperature vale. The other three 

numbers are the unit, the tenths and the percentile of the voltage value. We should 

calibrate them to the temperature value and voltage value .This process is the same 

as the program I wrote below. 

 

 

More specifically, I will use the example to illustrate the restoring of the data. The 

temperature value 12.3℃ and analog input value 7.89v 

 

Here are the results I mentioned above. 

 

 

 

 

 

 

 

 

 

 

y = (129 − 128) ∗ 101 + (130 − 128) ∗ 100 + (131 − 128) ∗ 10−1 = 12.3 ℃ 

p = (135 − 128) ∗ 100 + (136 − 128) ∗ 10−1 + (137 − 128) ∗ 10−2 = 7.89 𝑣 

 

 

Decimal 

number 

Binary number 

without sign 

bit 

Received 

data 

129 10000001 129-128=1 

130 10000010 130-128=2 

131 10000011 131-128=3 

135 10000111 135-128=7 

136 10001000 136-128=8 

137 10001001 136-128=9 
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The following figure is the data receiving and restoration module in the LabVIEW. 

 
Figure 4.20 the data receiving and restoration module 

 

The figure shows the whole part of ‘receive data’ in the LabVIEW. 

 

 

 

 

 

Figure4.21 the receive data module 

4.3.2 Lossless current calculation 

Secondly, the computer can calculate precise working current without loss. To 

begin with, the computer will calculate the resistance of the cable, which causes 

the current loss. To calculate the resistance of the cable, we need to input the cable 

length and receive the temperature value from the measurement converter. Then, 

Transmit data 

Select the transmitted data 

Receive and restore data 
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the computer will calculate the practical supply current based on the analog input 

voltage transmitted data from measurement converter. Finally, the computer can 

get the lossless supply current value according to the cable resistance and practical 

supply current. 

 

Cable resistance calculation 

Cable length requirement: 

If there is no requirement about output for in the processing of the measurement, the buyer can 

use 2*33/0.2 of RVVP cable as the 24VDC power supply. The max length of cable is 200m. 

 

A. The size and material factor 

Some of the power that is fed into a transmission cable is lost because of its 

resistance. The resistance of the cable depends on the resistivity of the cable 

material, the length of the cable and the cross sectional area of the electrical line. 

 

Here is the equation:            

 𝑅(𝑇0) =
𝜌×𝑙

𝑆
𝛺             (6) 

ρ——the Resistivity in 20 centigrade 

L—— the length of the cable 

S—— the cross sectional area of the electrical line 

 

In this thesis, the material in the cable is copper. According to the resistivity table, 

the resistivity of the copper is ρ =1.68×10−  Ω·m.  

 

As I mentioned above, the cable size is 2*33/0.2. 

According to the area equation:      =   2 =
 

4
 2 

Here,                    =
 

4
[0.2 × 10−3]2 × 32 × 2 = 6.4 × 10−  

 

B. The temperature factor 

The electrical resistance of a conductor such as a copper wire is dependent upon 

collisional process within the wire. The resistance could be expected to increase with 

temperature because of more collisions. The resistivity will change in accordance 

with the change of the temperature. The temperature coefficient is the relative 

change of a physical property when the temperature is changed by 1 K. 

 

Given these definitions, the equation is: 

 R(T) = R(𝑇0)(1 + 𝛼∆𝑇)Ω        (7) 

                                                      

R (T) --- The physical property to be measured.  

http://en.wikipedia.org/wiki/Temperature
http://en.wikipedia.org/wiki/Kelvin
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T --- The temperature at which the property is measured. 

 𝑇0---The reference temperature. Commonly, we choose 𝑇0 to be 20 centigrade. 

 ΔT---The difference between T and 𝑇0.  

α ---- The temperature coefficient  

Here α has the dimension of an inverse temperature (1/K or K−1). 

 

Practical current calculation 

This is the connection diagram  

 
Figure 4.22 connection diagram 

I have described above, the voltage gain here is6. And the 𝑅3 here is 8Ω. Hence the 

calculation of the practical current is easy. 

𝐼 =
  

  
=
  

  
=

  
 

   
=
  

4 
 A 

 

I realize this calculation in LabVIEW. Here is the code in the LabVIEW.  

   

 
Figure 4.23 Practical current calculation module 

Analog input voltage value (v) 

Temperature value(℃) 

 Cable length (m) 
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Lossless current calculation 

In order to calculate the lossless current we have to apply an equivalent electrical 

model of the TMF. Here two different models are suggested, calculations for one of 

them is presented in the following section. Further experiments have to be 

performed in order to verify which TMF model that is proper. 

 

The two different TMF models are resistance and constant power. The resistance 

model is presented in detail below as illustration of how calculation of the lossless 

current can be performed and implemented. The constant power model implies that 

it is assumed that the TMF power is a function of the measured flow. The constant 

power model implies that the TMF can be modeled as a negative resistance. The 

calculation and the implementation can be performed in a similar way as for the 

resistance model of the TMF. 

 

Here is the resistance model. We treat the TMF a variable resistance. The resistivity 

will change by the different amounts of gas flow. In the first case, it has no loss here. 

We can get equation A. In second case, the loss is caused by the resistance of the 

cable. We can get equation B according to the ohm’s law 

Figure 4.24 the resistance model  

{
 

 𝐼𝑙𝑜𝑠𝑠𝑙𝑒𝑠𝑠 =
24

𝑅(𝑇𝑀𝐹)
                                             (𝐴)

𝐼 =
24

𝑅(𝑐𝑎𝑏𝑙𝑒) + 𝑅(𝑇𝑀𝐹)
                                       (𝐵)     

 

For (B):          𝑅(𝑇𝑀𝐹) =
24−   ( 𝑎 𝑙𝑒)

 
(Ω) 

For (A):           𝐼𝑙𝑜𝑠𝑠𝑙𝑒𝑠𝑠 =
24  

24−   ( 𝑎 𝑙𝑒)
 (A) 
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I realize this calculation in LabVIEW. Here you can see the lossless supply current 

here. 

 
 

 

 

Figure 4.25 lossless current calculation module 

4.3.3 Flow calculation 

Thirdly, the lossless working current will be applied into the fitted mathematic 

function which has relationship with gas flow value via the Mat Lab. In this step, I can 

get the flow value. 

 

Here is the calculation part in the LabVIEW. 

 

 

 
Figure4.26 flow calculation module 

Supply current calculation equation 

Output the lossless supply 

current value 𝑖2 (mA)  

current 

Put the working current value 𝑰𝟐(𝐦𝐀)  

Into the current calculation equation 

Put the value of cable resistance R into 

the current calculation equation 

Call the results from 

Matlab 

Choose the type of 

the TMF 
Calculate flow according to 

the fitted function 
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4.3.4 Alarm system 

Finally, I create an alarm system so as to solve the safety problem. When accident 

happens, including the over height temperature or current and so on, the system 

will alarm the controller to stop running the program.  

 

Figure4.27 the alarm system module 

When the gas flow is over the TMF’s measuring range, the system will warn the 

controller. When the gas flow is out of the measuring range, the alarm button will be 

in red color. When the gas flow is in the measuring range, the alarm button will be in 

green color. 

 

4.4 Operation steps of the whole system  

Running Matlab 

We select the most suitable function from Matlab. That means we should select the function 

whose deviation between the lab value and functional value ranges -1％ to +1 ％. Then the 

results will be recorded in a text file saved in a certain file path. When we need this result, we can 

call it from the computer. Then we’d better close the Matlab to reduce the CPU’s work. 

 

Download the program into converter 

As I mentioned in the chapter 4.2, I should download the C++ program into the 

converter to make it work. When I down load the program, I should firstly change the 

file type first, which means I need to change the filename extension ‘.c’ to ‘.hex’ . I 

use KEIL μVISION2 to realize this step. 

 

Figure4.28 the logo of the KEIL μVISION2 [34] 
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Secondly, I use STC ISP to download the program into the converter. This software is 

specialized in the SCM. The power of the converter can only be switched on after 

successfully download the program into the SCM 

 

 
Figure4.29 the interface when download program 

 

Check communication port 

Before we transmit the data to the computer from the converter, we should check 

whether the communication port can work. I use a software named ‘serial assistant’ 

and made in China.  

 

Running the LabVIEW 

Before running the whole system, we should initialize the settings and input cable 

length. The reason has been mentioned in the chapter4.3. 

 

Results display 

Once we running the LabVIEW, we can clearly see that the flow will change with the 

changing of the temperature, cable length and the working current. 

 

 

Figure4.30 the LabVIEW system 



Department of Electrical Engineering 

51 

 

Chapter5:  discussion and conclusion 

5.1 Discussion 

During the project, I find some problem which has not been considered or solved. I 

will make a further discussion with the company and give my suggestion. 

Suggestion for the measurement converter 

Firstly, in this project, the temperature sensor DS18B20 is on the same board as the 

other chips in the converter. The converter is installed in the central control room 

which is far away from the site. Hence the temperature senor here can only detect 

the temperature of the central control room. But the temperature outside do 

influence the accuracy of the TMF. Hence, I wish that the company could consider 

about how to install the temperature sensor on the site. 

 

Secondly, the communication chip MAX232 can only work in the temperature 

ranging from0℃ to 70℃. The problem is whether the temperatures in central 

control room in all kinds of industries are within this range. If not, the company 

should change another communication chip. I strongly suggest that the company 

could do the research about it. 

 

Suggestion for the mathematic modeling 

The company strongly believes that we should do the mathematic modeling based 

on fitting the polynomial function when detecting the relationship between the 

lossless supply current and flow value, because it is easy for the programming and 

some other processing. But as I have mentioned in the analysis of the deviation, the 

deviation could be 0.007 over the error range. Hence, I suggest that the company can 

have alternative fitted function when doing the mathematic modeling part. 

 

Suggestions for calculation of the flow 

Firstly, I suggest that further experiments have to be performed in order to verify 

which TMF model that is proper, the resistance or constant power model? 

 

Secondly, I suggest that the company should do the deep research about the cable 

resistance. Even though I have calculated the cable resistance according to its size, 

material, and the temperature outside, the results are theoretical values. Is there any 

possibility that the cable temperature is not constant throughout its length? I think it 

will be better to test the cable resistance on the site rather than only in the lab. 
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5.2 Conclusion 

I have successfully realized in two-wire installation for the TMF. The whole system 

can model measurement process and get flow value. The error rate is about 0.007 

over the required error range for the company, but it is very close to the requirement. 

That fact proves that my idea can be adopted. Hence, I give my suggestion to the 

company as what I described in the chapter5.1.  

 

If this product can be produced, it will bring up lots of advantages. For the buyer, if 

they use this product, they can cut half of the installation budget for the traditional 

TMF. At the same time, the accuracy of the TMF could be maintained. For the 

producer, this product will improve their market competitiveness. And the profit 

from the increasing market share is far more than the development cost. In addition, 

the product can be the first type of TMF in China, the profit from intellectual 

property can be a respectable amount. 
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Chapter7:  Working plan 

Week  Task Name  Delivery  Deadline  

Plan 

(hours)  

Done 

(hours) 

                    Wu, 

Wenyan 

Wu, 

Wenyan 

                    
6 

Identification, 

definition and planning 
  

                    1 Contact with the company 2012/2/5 2012/2/6 1 1 

                    2 Project plan 2012/2/7  2012/2/8 2 2 

                    3 

 
  

2 2 

                    4 Search for references 2012/2/9 2012/2/10 2 2 

                    5 
   

2 2 

                            9 9 

                    7 Outline of the research   

                    1 Contact with the company 2012/2/12 2012/2/13 1 1 

                    2 Introduction 

  

2 2 

                    3 
   

2 2 

                    4 
   

2 2 

                    5 
 

 
 

2 3 

                            9 10 

                    8 Preparation   

                    1 Contact with the company 2012/2/19 2012/2/20 1 1 

                    2 Background 2012/2/21 2012/2/25 2 2 

                    3 

  
 

2 2 

                    4 

  
 

2 3 

                    5 

  
 

2 3 

                            9 11 

                    9 Preparation   

                    1 Contact with the company 2012/2/26 2012/2/27 1 4 

                    2 the rest of thesis proposal 2012/2/28 2012/3/3 2 4 

                    3 

   

2 2 

                    4 

   

2 2 

                    5 

  
 

2 2 

                            9 14 

                    10 Data analysis   

                    1 Contact with the company 2012/3/4 2012/3/5 1 2 

                    2 Analysis data  2012/3/6 2012/3/10 2 2 

                    3  

 
 

2 2 

                    4 

   

2     2 

                    5 

   

2     2 

                            9 10 

                    11 Thesis planning   

                    1 Contact with the company 2012/3/11 2012/3/12 1 2 
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2 Thesis structure design 2012/3/13 2012/3/17 2 1 

                       3  

 
 

2 1 

                    4 

  
 

2 1 

                    5 

   

2     1 

                            9 6 

                    12 Mathematic modeling   

                    1 Contact with the company 2012/3/18 2012/03/19 1 1 

                    2 Mathematic modeling  2012/3/19 2012/03/24 2 3 

                    3  

 
 

2 3 

                    4 

  
 

2 2 

                    5 

   

2     2 

                            9 11 

                    13 Mathematic modeling   

                    1 Contact with the company 2012/3/25 2012/3/26 1     2 

                    2 Deviation and calibration 2012/3/27 2012/3/31 2     4 

                    3 

   

2 4 

                    4 

  
 

2 4 

                    5 

  
 

2 4 

                            9 18 

                    14 Mathematic modeling    

                    1 Contact with the company 2012/4/1 2012/4/2 1 2 

                    2 Intelligent the program 2012/4/3 2012/04/7 2 4 

                    3 

   

2     4 

                    4 

   

2     4 

                    5 

   

2 4 

                            9 18 

                    15 Design the converter   

                    1 Contact with the company 2012/4/8 2012/4/9 1 2 

                    2 Design the converter  2012/4/10 2012/4/14 2 4 

                    3  

 
 

2 4 

                    4 

   

2     4 

                    5 

   

2     4 

                            9 18 

                    
16 

The factor which can affect 

accuracy 
  

                    1 Contact with the company 2012/4/15 2012/4/16 1 1 

                    2 Temperature analysis 2012/4/20 2012/4/21 2 2 

                    3 Cable length analysis 

 
 

2 2 

                    4 

   

2     4 

                    5 

   

2     4 

                            9 13 

                    17 SCM in Converter part   

                    1 Contact with my company 2012/4/22 2012/4/23 1 1 

                    2 Learning STC89C52 and C++ 2012/4/24 2012/4/28 2 3 
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3 

  
 

2 4 

                    4 

  
 

2 4 

                    5 

  
 

2 2 

                            9 14 

                    18 SCM in Converter part   

                    1 Contact with my company 2012/4/29  2012/4/30 1 2 

                    2 C++ Detect the temperature 2012/5/1 2012/5/5 2 5 

                    3 

  
 

2 5 

                    4 

  
 

2 5 

                    5 

  
 

2 5 

                            9 22 

                    19 SCM in Converter part   

                    1 Contact with my company 2012/5/6 2012/5/7 1     2 

                    2 C++ Read voltage  2012/5/8 2012/5/12 2 5 

                    3 

  
 

2 5 

                    4 

  
 

2 5 

                    5 

  
 

2 5 

                            9 22 

                    20 VB part   

                    1 Contact with my company 2012/5/13 2012/5/14 1 1 

                    2 LabVIEW system 2012/5/15 2012/5/20 2 5 

                    3 

  
 

2 5 

                    4 

  
 

2 8 

                    5 

  
 

2 8 

                    6 

  
 

2 8 

                            11 35 

                    
21 

Revision and calibration 

report 
  

                    1 Contact with my company 2012/5/20 2012/5/21 1 8 

                    2 Calibration and revision 2012/5/22 2012/5/27 2 8 

                    3 

  
 

2 8 

                    4 

  
 

2 8 

                    5 

  
 

2 8 

                            9 40  

                    total       146   
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Chapter8:  Budget and Equipment Checklist 

Equipment and program payment 

HQ980 thermal mass flow meter  Free(supplied by the company) 

Sonic nozzle flow test device Free(supplied by the company) 

Computer terminal Free(supplied by the company) 

The ampere volt ohm meter Free(supplied by the company) 

Transport fee Air ticket 5,773 kr. 

Bus and underground ticket 50 kr. 

The component of making a converter. 

Including SCM studying board, A/D conversion 

module. 

200 kr. 

Total 6,023 kr. 
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Chapter9：Copyright statement  

 



Department of Electrical Engineering 

64 

 

 

 

 

 

 



Department of Electrical Engineering 

65 

 

Appendix 

List of table 

 

This table shows the resistivity, conductivity and temperature coefficient of various 

materials at 20 °C (68 °F) 

Material ρ (Ω•m)  σ (S/m) 

Temperature 

coefficient 

(K−1) 

 

Silver 1.59×10−8 6.30×107 0.0038  

Copper 1.68×10−8 5.96×107 0.0039  

Annealed copper 1.72×10−8 5.80×107 
 

 

Gold 2.44×10−8 4.10×107 0.0034  

Aluminium 2.82×10−8 3.5×107 0.0039  

Calcium 3.36×10−8 2.98×107 0.0041  

Tungsten 5.60×10−8 1.79×107 0.0045  

Zinc 5.90×10−8 1.69×107 0.0037  

Nickel 6.99×10−8 1.43×107 0.006  

Lithium 9.28×10−8 1.08×107 0.006  

Iron  1.0×10−7 1.00×107 0.005  

Platinum 1.06×10−7 9.43×106 0.00392  

Tin 1.09×10−7 9.17×106 0.0045  

Carbon steel  1.43×10−7 6.99×106 
 

 

Lead 2.2×10−7 4.55×106 0.0039  

Titanium 4.20×10−7 2.38×106 X  

 

  

http://en.wikipedia.org/wiki/Temperature_coefficient
http://en.wikipedia.org/wiki/Celsius
http://en.wikipedia.org/wiki/Fahrenheit
http://en.wikipedia.org/wiki/Silver
http://en.wikipedia.org/wiki/Copper
http://en.wikipedia.org/wiki/Annealing_(metallurgy)
http://en.wikipedia.org/wiki/Gold
http://en.wikipedia.org/wiki/Aluminium
http://en.wikipedia.org/wiki/Calcium
http://en.wikipedia.org/wiki/Tungsten
http://en.wikipedia.org/wiki/Zinc
http://en.wikipedia.org/wiki/Nickel
http://en.wikipedia.org/wiki/Lithium
http://en.wikipedia.org/wiki/Iron
http://en.wikipedia.org/wiki/Platinum
http://en.wikipedia.org/wiki/Tin
http://en.wikipedia.org/wiki/Carbon_steel
http://en.wikipedia.org/wiki/Lead
http://en.wikipedia.org/wiki/Titanium
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List of data 

 

100mm caliber 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Flow  number Current1 Current2 Current3  

2.0 1,2 160.7 160.7 160.7 160.6 160.8 160.7 160.7 160.8 160.7 160.73 

13.0 6 176.0 175.9 175.8 176.1 175.8 175.9 176.1 175.9 175.9 175.97 

19.0 1,2,4,6 179.1 179.1 179.2 179.1 179.2 179.3 179.1 179.3 179.2 179.2 

25.4 2,4,5,6 181.2 181.3 181.1 181.0 181.1 181.3 181.0 181.3 181.2 181.17 

31.6 3,5,7 182.6 182.6 182.9 1829 182.9 182.9 182.6 182.8 182.9 182.77 

38.2 1,3,8 183.9 184.2 183.9 183.8 184.1 184.0 183.9 184.0 183.9 183.93 

44.6 3,5,8 184.7 184.8 184.6 184.7 184.9 184.5 184.7 184.8 184.6 184.7 

51.2 1,3,6,8 185.4 185.5 185.3 185.4 185.4 185.3 185.4 185.5 185.3 185.4 

57.2 1,2,5,6,8 186.0 186.1 186.0 186.0 186.2 186.1 186.0 186.1 186.0 186.03 

63.6 1,6,8 186.5 186.4 186.6 186.5 186.3 186.5 186.5 186.4 186.6 186.5 

70.0 6,7,8 186.8 186.7 186.9 186.8 186.6 186.7 186.8 186.7 186.9 186.8 

76.4 3,4,6,7,8 187.1 187.0 187.1 187.1 187.1 187.2 187.1 187.0 187.1 187.07 

82.4 2,4,8 187.5 187.4 187.4 187.5 187.5 187.3 187.5 187.4 187.4 187.43 

89.0 4,9 187.9 188.1 188.0 187.9 188.1 188.1 187.9 188.1 188.0 188.0 

95.4 1,3,5,9 188.3 188.2 188.3 188.3 188.3 188.3 188.3 188.2 188.3 188.27 

102.0 4,6,9 188.6 188.7 188.5 188.6 188.7 188.4 188.6 188.7 188.5 188.6 
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150mm caliber 

 

3.2 1,3 164.9 165.0 165.1 164.9 164.9 165.1 164.9 164.9 165.1 165.1 165.03 

19.0 1,2,4,

6 

179.0 179.0 178.9 179.0 179.0 179.1 179.0 179.0 179.1 178.9 179.0 

28.6 1,6 182.0 181.9 182.0 182.0 182.0 181.9 182.0 182.0 181.9 182.0 181.97 

38.2 1,3,8 183.8 183.8 183.9 183.8 183.8 183.9 183.8 183.8 183.9 183.9 183.87 

48.0 6,8 185.1 185.0 185.0 185.1 185.1 185.1 185.1 185.1 185.1 185.0 185.07 

57.2 1,2,5,

6,8 

185.9 185.9

3 

185.9 185.9 185.9 186.0 185.9 185.9 186.0 185.9 185.93 

66.6 3,5,7,

8 

186.5 186.6 186.6 186.5 186.5 186.7 186.5 186.5 186.7 186.6 186.6 

76.4 3,4,6,

7,8 

187.0 187.1 187.1 187.0 187.0 187.2 187.0 187.0 187.2 187.1 187.1 

85.8 1,9 187.6 187.7 187.7 187.6 187.6 187.8 187.6 187.6 187.8 187.7 187.7 

95.4 1,3,5,

9 

188.3 188.2 188.0 188.3 188.3 188.3 188.3 188.3 188.3 188.0 188.2 

105.2 5,6,9 188.6 188.6 188.5 188.6 188.6 188.7 188.6 188.6 188.7 188.5 188.6 

114.6 2,3,4,

7,9 

189.0 188.9 189.0 189.0 189.0 188.9 189.0 189.0 188.9 189.0 188.97 

124.0 4,8,9 189.3 189.2 189.2 189.3 189.3 189.2 189.3 189.3 189.2 189.2 189.23 

133.8 1,6,8,

9 

189.6 189.5 189.6 189.6 189.6 189.5 189.6 189.6 189.5 189.6 189.57 

143.2 2,7,8,

9 

189.9 189.9 189.9 189.9 189.9 190.0 189.9 189.9 190.0 189.9 189.93 

152.8 2,3,5,

7,8,9 

190.4 190.3 165.1 190.4 190.4 190.3 190.4 190.4 190.3 190.3 190.3 
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200mm caliber 

 

 

 

 

 

 

 

 

 

 

Flow  code Current1  mA Current2  mA Current3  mA avera

ge 

4.0 4 167.0 167.0 166.9 167.0 166.9 167.0 166.9 167.0 167.0 166.9

7 

25.4 2,4,5,

6 

181.0 181.0 181.0 181.0 180.9 181.0 180.9 181.0 181.2 181.0

3 

38.2 1,3,8 183.7 183.7 183.7 183.7 183.8 183.7 183.8 183.7 183.6 183.7 

51.2 1,3,6,

8 

185.5 185.5 185.4 185.5 185.3 185.5 185.3 185.5 185.4 185.4 

63.6 1,6,8 186.4 186.4 186.3 186.4 186.3 186.4 186.3 186.4 186.2 186.3 

76.4 3,4,6,

7,8 

187.1 187.1 187.0 187.1 186.8 187.1 186.8 187.1 187.1 187.0 

89.0 4,9 187.6 187.6 187.6 187.6 187.7 187.6 187.7 187.6 187.7 187.6

7 

102.

0 

4,6,9 188.5 188.5 188.4 188.5 188.4 188.5 188.4 188.5 188.4 188.4

3 

114.

6 

2,3,4,

7,9 

188.9 188.9 188.7 188.9 188.7 188.9 188.7 188.9 188.7 188.7

7 

127.

2 

5,8,9 189.0 189.0 189.1 189.0 189.2 189.0 189.2 189.0 189.3 189.1

7 

140.

2 

5,6,8,

9 

189.5 189.5 189.5 189.5 189.6 189.5 189.6 189.5 189.5 189.5

3 

152.

8 

2,3,5,

7,8,9 

190.4 190.4 190.3 190.4 190.3 190.4 190.3 190.4 190.3 190.3

3 

165.

4 

1,3,5,

9 

190.5 190.5 190.5 190.5 190.6 190.5 190.6 190.5 190.4 190.5 

178.

2 

1,2,5,

10 

190.9 190.9 190.9 190.9 191.0 190.9 191.0 190.9 190.9 190.9

3 

191.

0 

7,10 191.2 191.2 191.1 191.2 191.2 191.2 191.2 191.2 191.1 191.1

7 

204.

0 

8,10 191.3 191.3 191.3 191.3 191.4 191.3 191.4 191.3 191.3 191.3

3 
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250mm caliber 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

flow code Current1 mA Current2 mA Current2 mA averag

e 

4.8 1,4 168.3 168.5 168.3 168.3 168.3 168.5 168.4 168.5 168.3 168.4 

30.4 2.5.7 182.7 182.6 182.7 182.7 182.7 182.6 182.9 182.6 182.7 182.73 

45.8 2,3,5,8 185.0 184.9 185.0 185.0 185.0 184.9 184.8 184.9 185.0 184.9 

61.2 1,2,4,5,6,8 186.1 186.3 186.1 186.1 186.1 186.3 186.2 186.3 186.1 186.2 

76.4 3,4,6,7,8 187.4 187.4 187.4 187.4 187.4 187.4 187.6 187.4 187.4 187.47 

91.4 3,4,9 188.4 188.0 188.4 188.4 188.4 188.0 188.3 188.0 188.4 188.23 

107.0 7,9 188.5 188.7 188.5 188.5 188.5 188.7 188.6 188.7 188.5 188.6 

122.4 3,8,9 189.4 189.7 189.4 189.4 189.4 189.7 189.5 189.7 189.4 189.53 

137.4 1,2,3,6,8,9 189.6 189.7 189.6 189.6 189.6 189.7 189.9 189.7 189.6 189.73 

152.8 2,3,5,7,8,9 189.9 190.0 189.9 189.9 189.9 190.0 190.1 190.0 189.9 190.0 

168.2 1,2,4,5,6,7,

8,9 

190.1 190.2 190.1 190.1 190.1 190.2 190.3 190.2 190.1 190.2 

183.4 1,3,4,5,10 190.3 190.4 190.3 190.3 190.3 190.4 190.5 190.4 190.3 190.4 

198.6 2,3,4,7,10 190.5 190.7 190.5 190.5 190.5 190.7 190.7 190.7 190.5 190.63 

213.6 3,5,8,10 190.8 190.8 190.8 190.8 190.8 190.8 190.9 190.8 190.8 190.83 

229.2 1,3,7,8,10 191.0 190.9 191.0 191.0 191.0 190.9 191.1 190.9 191.0 191.0 

244.4 3,4,6,11 191.3 191.3 191.3 191.3 191.3 191.3 191.3 191.3 191.3 191.3 
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Program code 

Mathematic modeling---based on Matlab 

All the data in text files should be put in the path of' D:\graduation_design\caliber data\caliber 

 

while 1 

%initialzie 

close all; 

clear all; 

fclose all; 

  

%%%%%%%%%%%%%%input dialog%%%%%%%%%%%%%%%  

%create an input box where can input a number of the highest power in fitting 

the function,the number is put in 'mu'               

str={'the maximum power of the variable in polynomial fitting'};                    

shuru={''};                                   

mu=inputdlg(str,'input box',1,shuru);         

%create a box named 'input box', the string can be written in a box 

mu=cell2mat(mu);                             %change the cell into mat 

mu=str2double(mu);                            

%change the string into double-precision data 

  

%%%%%%%%%%%%%%import and scan data%%%%%%%%%%%%%%%  

%all the data should be written in the text file 

  

for jj=1:4            %we have four types of TMF, hence we need do four loops. 

  

    %name the file path 

    a=50+jj*50;                                     

 % we have four types of TMF, so we have four groups of data. name these 

group of data 

st1='D:\graduation_design\caliber data\caliber'; 

%part name of the file path 

st2='.txt';                                  %part name of the file path 

a=strcat(st1,num2str(a));                   %choose one group of data 

a=strcat(a,st2);                              % full name of the file path 

  

    %import and scan data 

fp1= fopen(a);                  %open the data according to the file path 

    C1 = textscan(fp1,'%f%f%f%f%f');                 %scan the data  

    fclose('all');                                   %close the txt 

    C=cell2mat(C1);                                 %change the cell into mat 
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    [m,n]=size(C);                    % record the number of line and columns 

  

%calculate the average currents 

for ii=1:m                                           

    C(ii,5)=(C(ii,2)+C(ii,3)+C(ii,4))/3;             %calculate the 

average 

end                        

  

  

To(1:m,:,jj)=C;               

end                        %end 

  

  

%%%%%%%%%%fit the function and plot the figure%%%%%%%%%%%%%%%%  

for ii=1:4                          

     

  

    %p3=polyfit(To(:,1,ii),To(:,5,ii),m);            %fitting function 

    if To(16,1,ii)==0                              

        x1=To(1,5,ii):1:To(15,5,ii); 

        p3=polyfit(To(1:15,5,ii),To(1:15,1,ii),mu);    

  

    else 

        x1=To(1,5,ii):1:To(16,5,ii); 

        p3=polyfit(To(:,5,ii),To(:,1,ii),mu);        

  

    end                                        %end of fitting function 

  

    y1=polyval(p3,x1);                            

        subplot(2,2,ii);                  %plot figures               

    plot(x1,y1,To(:,5,ii),To(:,1,ii),'*')         

  

  

    %name the figures 

    a=50+ii*50;  

    st='caliber'; 

    st=strcat(st,num2str(a)); 

    xlabel(st) 

    grid on 

  

  

    xx(ii,:)=p3; 
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    yy(ii)=poly2sym(p3); 

  

end                

  

  

%%%%%%%%%%%%%%create bride to LabVIEW%%%%%%%%%%%%  

delete('D:\graduation_design\Polyfit_Matrix\Matrix.txt');         

 %delet original results 

fid=fopen('D:\graduation_design\Polyfit_Matrix\Matrix.txt','at');  

%create text file 

for ii=1:4                                           

    for jj=1:mu+1                                     

    fprintf(fid,'%.100f ',xx(ii,jj));                %write the reult in it 

    end 

fprintf(fid,'\n');                                      %enter 

end 

fclose(fid); 

  

%%%%%%%%%%%%deviation calculation%%%%%%%%%%  

for ii=1:4                                   

  

    if To(16,1,ii)==0                             

        x=To(1:15,5,ii); 

        y=To(1:15,1,ii); 

        st=15;                                      

  

    else         

        x=To(:,5,ii); 

        y=To(:,1,ii); 

        st=16;                                       

  

    end                                           

  

     

  

    fx=polyval(xx(ii,:),x);               

    s=abs((fx-y)./y);                           

     

%get maximum deviation rate 

    bili(ii)=s(1);               

    for jj=1:st 

        if s(jj)>bili(ii) 

            bili(ii)=s(jj); 
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        end 

    end 

  

end 

  

%%%%%%%%%%%intelligent system%%%%%%%%% 

an=cell(1,6); 

  

for ii=1:4                                   

    

  

    a=50+ii*50;                                  

    b='In caliber'; 

    c=', the deviation between the lab data and fitted data is'; 

    b=strcat(b,num2str(a),c); 

    b=strcat(b,num2str(bili(ii))); 

    b=mat2cell(b);                               

    an(ii)=b;                                    

end                                          

an(6)=mat2cell('After getting the result ,please choose the next 

movement');       

  

choice=questdlg(an,'final results','continue to run the 

program','finish','results in details','cancel');            

  

switch choice                 

     

    case 'continue to run the program' 

        zhu=1;                 

         

    case 'finish'         

        zhu=2; 

    

         

    case 'results in details'    

        zhu=0; 

        en=cell(1,16); 

        for jj=1:4          

            a=50+jj*50;  

            st='caliber'; 

            st=strcat(st,num2str(a)); 

            for ii=1:mu+1 

                if ii==1 
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a=strcat(num2str(xx(jj,ii)),'¡ÁX^',num2str(mu+1-ii)); 

                else if xx(jj,ii)<0 

                        

a=strcat(a,'-',num2str(abs(xx(jj,ii))),'¡ÁX^',num2str(mu+1-ii));%×Ö·û

Á¬½Ó 

                    else                                                                                                                      

                        

a=strcat(a,'+',num2str(xx(jj,ii)),'¡ÁX^',num2str(mu+1-ii)); 

                    end 

                end 

                en(jj*4-3)=mat2cell(st); 

                en(jj*4-2)=mat2cell(a); 

                en(jj*4-1)=an(jj); 

            end       

        end 

        msgbox(en,'final results');          

           

end 

  

if zhu==2                           

    break; 

end  

     

if zhu==1                           

    continue;     

     

end 

break                             

  

end 

 

[16] ,[17] 
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Measurement converter---based on C++ 

#include <reg52.h>       

#include <intrins.h> 

#define uint unsigned int 

#define uchar unsigned char 

#define _Nop() _nop_() 

#define nop() _nop_() 

 

 

sbit ADC0832_CLK = P1^4; /*define the command port of ADC0832*/ 

sbit ADC0832_DIO = P1^5; 

sbit ADC0832_CS = P2^0; 

 

 

sbit DQ =P3^5;  //define the communication port ofDS18B20 

 

 

////////////////DS18B20////////////// 

//delay 

void delay(unsigned int i) 

{ 

 while(i--); 

} 

 

//initialzie 

Init_DS18B20(void) 

{ 

 unsigned char x=0; 

 DQ = 1;  

 delay(8);  

 DQ = 0;  

 delay(80); 

 DQ = 1;  

 delay(14); 

 x=DQ;  

 delay(20); 

} 

 

//read one bit 

ReadOneChar(void) 

{ 

 unsigned char i=0; 

 unsigned char dat = 0; 
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 for (i=8;i>0;i--){ 

  DQ = 0; //  

  dat>>=1; 

  DQ = 1; //  

  if(DQ)  dat|=0x80; 

  delay(4); 

  } 

 return(dat); 

} 

 

//write one bit 

WriteOneChar(unsigned char dat) 

{ 

 unsigned char i=0; 

 for (i=8; i>0; i--){ 

  DQ = 0; 

  DQ = dat&0x01; 

  delay(5); 

  DQ = 1; 

  dat>>=1; 

  } 

} 

 

//read temperature 

ReadTemperature(void) 

{ 

 unsigned char a=0; 

 unsigned char b=0; 

 unsigned int t=0; 

 float tt=0; 

 Init_DS18B20(); 

 WriteOneChar(0xCC);  

 WriteOneChar(0x44);  

 Init_DS18B20(); 

 WriteOneChar(0xCC);  

 WriteOneChar(0xBE);  

 a=ReadOneChar(); 

 b=ReadOneChar(); 

 t=b; 

 t<<=8; 

 t=t|a; 

 tt=t*0.0625;  

 t= tt*10+0.5;  

 return(t); 



Department of Electrical Engineering 

78 

 

} 

//////////////////DS18B20//////////////// 

 

///////////////ADC0832//////////////////// 

uchar ADC0832_Read(uchar ch) 

{ 

 uchar i; 

 uchar ADC_buff=0; 

 ADC0832_CS = 1; 

 ADC0832_DIO = 1;    

 ADC0832_CLK = 0; 

 ADC0832_CS = 0; 

 nop(); 

 ADC0832_CLK = 1;  

 nop(); 

 ADC0832_CLK = 0; 

 ADC0832_DIO = 1;   

 nop(); 

 ADC0832_CLK = 1; 

 nop(); 

 ADC0832_CLK = 0; 

 if(ch==0) ADC0832_DIO = 0;   

 else ADC0832_DIO = 1; 

 ADC0832_CLK = 1; 

 nop(); 

 ADC0832_CLK = 0; 

 nop();   

 ADC0832_DIO = 1;  

 for(i=0;i<8;i++){   

  nop(); 

  ADC0832_CLK = 0; 

  nop(); 

  ADC0832_CLK = 1; 

  nop(); 

  if(ADC0832_DIO==1) ADC_buff=ADC_buff+1;  

  ADC_buff=ADC_buff<<1;    

  } 

 nop(); 

 nop(); 

 ADC0832_CS = 1; 

 ADC0832_CLK = 1; 

 return ADC_buff;  

} 
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unsigned int ADC0832da_to_Volage(unsigned char da) 

{ 

  

 unsigned int Volage; 

 float tt; 

 tt=da*4.95/255; 

 Volage= tt*100+0.5; 

 return Volage;  

} 

 

 

////////////////ADC0832//////////////////////////// 

 

/////MAX232///// 

void Send(unsigned char dat) 

{ 

   SBUF=dat; 

   while(TI==0) 

      ; 

    TI=0; 

} 

 

 

 

/*delay*/ 

void delay_1ms(uchar x) 

{ 

    uchar j; 

    while(x--){ 

        for(j=0;j<125;j++) 

            {;} 

        }    

} 

 

 

main() 

{ 

 uint adc_volage_buff; 

 uchar adc_db_buff; 

 uint temp_buff; 

 

 

 



Department of Electrical Engineering 

80 

 

 

 

   TMOD=0x20;   

   SCON=0x40;   

   PCON=0x00;   

   TH1=0xfd;     

   TL1=0xfd;    

   TR1=1;         

 

 

 

 while(1){ 

 

      adc_db_buff = ADC0832_Read(0); 

   adc_volage_buff = ADC0832da_to_Volage(adc_db_buff); 

 

 

 

 

   temp_buff=ReadTemperature(); /*read temperature*/ 

 

 

            Send(10); 

 

   delay_1ms(100); 

         

            Send(temp_buff/100);        //send data 

 

            delay_1ms(100);   //delay150mS     

 

           Send(temp_buff%100/10); //send data 

 

   delay_1ms(100);  //delay150mS 

 

   Send(temp_buff%10); 

 

   delay_1ms(100); 

     

           Send(adc_volage_buff/100); 

 

   delay_1ms(100); 

 

   Send(adc_volage_buff%100/10); 
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   delay_1ms(100); 

 

      Send(adc_volage_buff%10); 

 

   delay_1ms(100); 

 

  } 

} 

 

[18] [19] 
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Calculation system---based on LabVIEW 
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