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2. N# MSP430FR6043 USS &7 .
o JTJF UniFlash #4%:, %+ MSP430FR6043(on-Chip), & 3. 4 Fizx.

UniFlash  Session v  About

@ Help & Settings
~ Detected Devices

~ New Configuration

@ Choose Your Device

Category: All | C2000 | mmWave | MSP | PGA | Safety | Tiva | UCD | Wirele

Q MSP430FR6043
Wl MSP430FR6043

Bl MSP430FR6043(BOOTLOADER)  Sena
Wl MSP430FR60431 on-Chip
Bl MSP430FR60431(BOOTLOADER) serial

& 3 UniFlash ¥+ MSP430FR6043 > i

UniFlash  Session ~  About

@ Help 2 Settings

~ Detected Devices

Status: » Inactive - Click ‘Detect’ to detect devices

Setting: Manual ~
~ New Configuration

@ selected Device MSP430FR6043

@ selecied Connection: ) T Mspa30 use

e i

~ Create Session From Existing Target Configuration File
2 « comifile o create a new session

& 4 UniFlash 1%3% MSP430FR6043 -

o IEHF USS [EH M. FEZEE USS Software Library 2 J5n] IZELL T H 4L 3.

C:\ti\msp\UltrasonicGasFR6043_02_30_00_01\image (15 22354 HoAthAh, 1ELEA N1
BT FAHFE H P4 o k#E
MSP430FR6043EVM_USS_Gas_Demo_EVM_v2_0_AFE3v3_02_30_00_01.txt [&E{f.

e il Load Image. WK 5 fran, EoR[EH T EUE) .
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a
UniFlash  Session ~
Configured Device : TI N
| Po—

Settings & Utilities

Memory

Standalone Command Line

Run

0 Console

[6/12/2020, 3:50:44 PM] [SUCCESS

Available Action(s) - 1 Im: Sel

Reset Actions

ck here to q

Program Load comple

d coxmi]

Select and Load Images

Flash Image(s)

MSP430FR6043EVM_USS_Gas_Demo_EVM_v2_0_AFE3v3_02_30_00_01.txt

Run Actions

Target After Program Load/Flash Operation

[6/12/2020, 3:50:44 PM] [INFO] MSP430: There were 53544 bytes wiritten

@ Help &8 Seutings

MSP430 Dj ected: Running

Size: 163.43 KB | Binary: (] | %

&= Clear X Close

& 5 UniFlash T &4

EH:F Ultrasonic Sensing Design Center, FCE MRS, BEM S MIETHEER.

File Options Communications Help

FTIF USS GUI, i%F% Options->Meter Options, fE Hardware Configuration F1i%$%
EVM430-FR6043, 7F Application Mode Hi%$% Gas. W1E 6 .

J Configuration ] Waveforms T ADC Capture I Frequency Sweep T Calibration T Debug Waveform T

Errors (X)

J Parameters T Advanced Parameters I Calibration ]

Software
Transmit frequency (kHz) F 170 kz] F2 240 5 FltoF2 Sweep ||
Gap between pulse start and Meter Options % 170
Number of Pulses JHardmreconﬁaumﬂon: . 24 E
e
UPS and DNS Gap (us) e s000 []
Device ISP430FRE043
UPS0 to UPS1 Gap (ms) 150
Application Mode: E
GUI Based Gain Control f 1] o98db iﬂ
® Gas
Meter Constant ater 6100 | &h Gim
0K Cancel
Options
Request Update [ Save C. J I LoadC J l ResetValues J l Generate Headers J
Timing Diagram

Channel 1

HID disconnected

& 6 USS GUI: EVM & Fi 2

*3 Texas INSTRUMENTS
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. . — — ,
e riili Communication->Connect. W 7 FronRniE I
File Options Communications Help
[ configuration | Wavetorms | ADC Capiure | Frequency Sweep | Calibration | Debug Waveform | Ermors (485) (5
J Parameters T Advanced Parameters T Calibration ]
Software Parameters.
Transmit frequency (kHz) F1 185 B F2 185 B F110F2Sweep | ¥
Gap between pulse start and ADC capture (us) 180
Number of Pulses 20 B
UPS and DNS Gap (ps) 4,500 B
UPS0 to UPS1 Gap (ms) 250
GUI Based Gain Control 1.0 db B
Meter Constant 6100 [ emn || om
Options
[ Request Update J Save Configuration J l Load Configuration J [ ResetValues J [ Generate Headers J
Timing Diagram
Channel 0
Channel 1
HID connected to WSP430FRE043 on Evaluation Module | *i9 TEXAS INSTRUMENTS

& 7 USS GUI: #E#E EVM X

o EFTEMZIE, FILLET USS B S HNCE, WKl 8 Fn, XTTNITHIGMA, R
FR AN AL Transmit frequency(KHz). Gap between pulse start and ADC capture(us)-
GUI Based Gain Control iX =M%, 7 nilEhilE#aeds TAEMAR 8 A BORIE I Z) 2]
ADC FF4f R AE B [RIRF E] (] B F 5 i =AM . X TaXAN T I BT S0 8 4%
145 B

> Transmit frequency (KHz) : F1: HEMHRARINE. F2: P& EZE. F1 to F2 Sweep BIFIAE L,

Gap between pulse start and ADC capture (us): 8 I R IERTZIF] ADC FF4f KAE [Rl 35 i s 8] 18] g

Number of Pulses: I Jih# BE 2% (1 bk 45

UPS and DNS Gap (us): P54~ 75 987 512 (14 B 1) 1] 5 o

UPSO to UPS1 Gap (ms): S i 1 i 75 U8 R 126 AR I 1) () B

GUI Based Gain Control: {551 25 .

Meter Constant: R4 (CATH [H SR E R R T ).

Request Update: & ¥, £ C4ER: EVM430-FR6043 B T HIH ML T, AT LA 2487 EA7HLR 2

H 5 H 8] MSP430FR6043 H,

< Save Configuration: fRIFSH, RAF xml T4

< Load Configuration: IN#EZ %, IN# xml X4,

% Reset Values: 8/ ZH AL E .

% Generate Headers: E RSk 30F, TTRALE CCS 8% IAR H ELEAE X L ff, BARE S IIZT N4,

YV VYV VYVYY

®,
o

ELZSHEWIEWE S, %% Help->User’s Guide, &7 Configuration &3,
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FEile Options Communications Help

J Configuration T Waveforms TADC Capture [ Frequency Sweep I Calibration T Debug Waveform I Errors (2) & }

|| Parameters | advanced Parameters T Calibration }

Software
Transmit frequency (kHz) F1 180 B F2 230 B | F1toF2 Sweep | ¥
Gap between pulse start and ADC capture (us) 150 ‘ﬂl

Number of Pulses 24 B
UPS and DNS Gap (ps) 14,000 B
UPS0 to UPS1 Gap (ms) 65 B

GUI Based Gain Control 9.8do Bl
Meter Gonstant 61.00 [ £h } Gim
Options

[ Request Update J [ Save Configuration J l Load Configuration I [ ResetValues J [ Generate Headers J

Timing Diagram

Channel 0

Channel 1

HID connected to MSP430FRE043 on Module 3 Texas INSTRUMENTS|

& 8 USS GUI: SHLE

o IE¥¥ ADC Capture ¥4, A UAHNHLE] ADC RER B, WE 9 Fra~. H Al #R¥E ADC B
THEOCRIAESE, BARREE 1, 5% MSP430FR6043-based ultrasonic gas flow meter

Eile Options Communications Help

[ Configuration | waveforms | ADC Capture | Frequency Sweep | Calibration | Debug waveform |

Control Panel

apture Cont Captur Save Capture L Clear J
ADC Capture ) DNs

™ urs

fac~——33®

i ' 1 ' | 1 i ' | | 1
] 20 40 60 80 100 120 140 160 180 200 220 240 260 280 30|
| ADC Buffer Index

JHID disconnected W3 Texas INSTRUMENTS

& 9 USS GUI: ADC 7%
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o &P Waveforms #%, T ULE BISLS AT CATHS TR, 5% € AT I [A) DL S SN A SRR B
WA 10 Fios.

File Options Communications Help

[ Configuration T Waveforms TADCCa;dure T Frequency Sweep | Calibration T Debug Waveform T Errors (1) (x) }
Control Panel
{ Stop | | Lock All | | savewaveforms | Reset Graphs [_] Adv. Calibration Table
Delta ToF
8000~
6000 -
4000 -
2000 -
o- S
N a000-
° aom- = —
6000 -
-8000 _
1 1 1 1 1 I
11:35:20 11:33:40 1:40000 11:40:20 11:40:40 11:41:00
Time
Mean= 117.44 Min= 73.65 Max= 17473 0 = 2225
Absolute TOF Volume Flow Rate
IT‘*'{ \‘I‘.\ﬁ:‘f. ey
- it 15000~
Al U‘H‘
Wty -
v 10000
el
68~ o= ...-' 5000~
b b 0 —
266 b e
i P o —
. H - preead
264 - i ke Ty A1 Fa—
RRTR ks i 15000~
262 _|ibediidd— 20000
! ! ! ' ' |
1mae1d 11:40:00 11:40:50 11:38:10 11:40:00 11:40:50
Time Time
UPS {Red): Mean = 265.70 Min = 265 53 Max « 265,78 = .05 Mean = 187.42 Min = 104.50 Max = 247 31 @ = 3050
DNS (Buss): Mean = 265,95 Min = 285,70 Maz = 208 16 0 = 0.11 s sm ]
HID connected to MSP430FRG042 on Evaluation Module b TEXAS INSTRUMENTS

B 10 USS GUI: S AR ENA

4. M H] IDE 9% S IT K FR6043 F2FY
14235 USS Software Library 2 J5 0] LLE T [T H sk 4R E] T1 BT AR B &AL 1) TREIR SO
C:\ti\msp\UltrasonicGasFR6043_02_30_00_01\examples (15 2738 78 HoAth %, 175 7EAH N FR B 7T
TAHFEFH I, SO RNAETIE 11 Fis:

is PC » Windows (C:) » ti > msp » UltrasonicGasFR6043_02_30_00_01 » examples

~

(] Name Date modified Type Size
common 4/16/2020 9:45 AM File folder
MSP430FR6043EVM_USS_Gas_Demo 4/16/2020 9:45 AM File folder
mtr_gui_config 4/16/2020 9:45 AM File folder

E 11 uss FEFIRECH
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v f#i Code Composer Studio(CCS)H &
7E €S H RN TR AE, £E CCS B3k H% File->Import->CCS Project, £t Next, 1EFE TFEIE
HEIfA B, R Finish BIRT SN, a0l 12 fios.

..\_.' -
Select CCS Projects to Import r -”f i
Select a directory to search for existing CCS Eclipse projects. ..i
@) Select search-directory: |C\ti\msp\UltrasonicGasFR6043_02_30_00_01\examples\MSF Browse...
O Select archive file: Browse...
Discovered projects:
|5 MSP430FR6043EVM_USS_Gas_Demo [C\ti\msp\UltrasonicGasFR6043_02_30_( Select All
Deselect All
Refresh
< >
Automatically import referenced projects found in same search-directory
Copy projects into workspace
Open Resource Explorer to browse a wide selection of example projects...
® < Back Next > | Finish Cancel

& 12 ccs: A\ MSP430 UsS T&

SANLEE, FTLAE ces HERIWAE 13 fros B, 20 TR EE S Gul BER T, @
A EEVETRT, FR6043 FE. AR . main.c XM, B P AT UAEIRAS TRE I HAh 55
BEPATIIRLHFEST, 4niFSE T 23 MSP430FR6043



Wip TEXAS INSTRUMENTS

&F USS - MSP430FR6043EVM USS G I

File Edit View Navigate Project Run Scripts Window Help

C= KRRy~ REDit- @i

[ Project Explorer B® ~

viS MSP430FR6043EVM_USS_Gas_Demo [Acti

> [pil Includes

¥ [z common

¥ (= driverlib

» (=EVM_vZ_0_AFE3v3
> (=hal

» [z 1QMathLib

» (= QMathLib

> (= targetConfigs

¥ (& USS_Config

> (& USSLibGUIApp

> (= ussSWLib

» | g Ink_msp430fr6043.cmd
> [ﬁmain.c

» | system_pre_initc

E“_", Project Explorer % = G:D T 7 B8 [ mainc
v @ MSP430FR6043EVM_USS_Gas Demo [Acti 262
> [ Includes 263
> [~ common 264
» [=driverlib 265
(= EVM_v2_0_AFE3v3 266
> = hal 267
> (= IQMathLib 268
> (= QMathLib 269
: 270
> [=targetConfigs 271
¥ [:% USS_Config
272
> g USS_App_userConfig.c 273
> USSiAppiuser.Config. 274
e USS_userConfig: 275
| @ USS_userConfig.h 276
> [/ USSLibGUIApp 277
> [ ussSWLib 278
> | g Ink_msp430fr6043.cmd 279

> E‘g]main.c

> @ system_pre_init.c

MSP430 Team

Quick Access|

€] main.c
118 uintlé_t reset_source = @x0@;
119
128 // Initializes the basic functionality of the system
121 hal_system_Init();
122
123 // Initialize interfaces to user including buttons, LCD, GUI
124 HMI_Init();
125
126 // Verify the reset source and log/report if there was an error
127 reset_source = hal_system_GetResetSource();
128 if(reset_source != @x@88)
129
13e USSLibGUIApp_send_error(COMMAND_HANDLER_ERROR_FAULT_RESET_ERROR,
131 reset_source);
132 }
133
134 __enable_interrupt();
135
136 // Initialize the USS Lib
137 USSLibGUIApp_Init();
138
<
(2 Problems © »
0 items
Description Resource Path Location Type
Writable Smart Insert 7:3

& 13 cCS: MSP430FR6043 T2

¥ OF K K X K K X K K K K K K K XX

*

[n] USS_u serConfig.h

The following parameters allows to enable/disable capture accumulation
options. WARNING: Enabling accumulation will increase LEA RAM requirements

USS_SW_LIB_ENABLE_ACCUMULATION valid options:
-true
-false

USS_ALG_DTOF_INTERVAL valid options:
-USS_dtof_volume_flow_calculation_interval_1 (default)
-USS_dtof_volume_flow_calculation_interval_2
-USS_dtof_volume_flow_calculation_interval_4
-USS_dtof_volume_flow_calculation_interval_8

The following definitions are used to initialize the following library
parameter:

-USS_Capture_Configuration.isCapAccumulationEnabled
-USS_Algorithms_User_Configuration.dtofVolInterval

i=gl:=
= 0

~

281 #define USS_SW_LIB_ENABLE_ACCUMULATION false
282 #if (USS SW LIB ENABLE ACCUMULATION == false)
<

lﬂ Problems 5%

0 items

K 14 CCS: USS_userConfig.h X4
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[, £ TR USS_Config SCHFJ%rhA —A> USS_userConfig.h SCF, Il 14 Frs, X AME
22 USS GUI IS HUIL B S, 1E2E =3 1T S B + i Generate Header $%4)5, &=1E
FIT % ()57 B A Bl — A USS_userConfig.h SCAF, HIIE 15, 16 fias. A LA ELHAS A B S 1 B i
PETAER RSO, 4% R3] MSPA30FR643 1 B AT SZEL S 5

File Options Communications Help

J Configuration TWaveforms I ADC Capture I Frequency Sweep T Calibration T Debug Waveform I Errors (2511) (0 ]

J Parameters | Acvanced Paramters | Calibration |

Software Parameters

185 5 F2 195 Iﬁ F1toF2Sweep |¥|

Transmit frequency (kHz)

Gap between pulse start and ADC capture (ps)

160 5

Number of Pulses

20 |2

UPS and DNS Gap (us
UPS0 to UPS1 Gap (m
GUI Based Gain Control

Meter Constant

Options

Request Update

Timing Diagram

Channel 0

Channel 1

Look|n: |[E headers v| @J lﬁj @ [l—‘?[ﬂj

Folder Mame 158_02_30_00_03WW3SWorkspace\U3S_Projectheaders

Generate Headers

" Gim

Files of Type lAny folder v]

Select Cancel

HID connected to MSP430FRE043

on Evaluation Module

& 15 USS GUI 4= i3k SeE

i TexAs INSTRUMENTS

[ Name Date modified Type Size
M USS_userConfig.h 6/12/2020 5:16 PM H File 62 KB

& 16 2 B USS_userConfig.h 3 {4

v f§F IAR Embedded Workbench(IAR)FF K
N T H K
C:\ti\msp\UltrasonicGasFR6043_02_30_00_01\examples\MSP430FR6043EVM_USS_Gas_Demo\IAR
Can R 222 AE AR, TEEAH N B9 FF N AR A B s 340
ik MSP430FR6043EVM_USS_Gas_Demo.eww FTJFEIA], #n& 17 Fis.
& USS_userConfig.h Z4U B0 B S H4HAT ccs 1 —2k.
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This PC » Windows (C) > ti > msp » UltrasonicGasFR6043_02_30_00_01 > examples > MSP430FR6043EVM_USS_Gas_Demo > IAR v D
* [0 Name Date modified Type Size
EVM_v2_0_AFE3v3 File folder
settings File folder
e Backup of MSP430FR6043EVM_USS_Gas_De... EWP File 69 KB
l‘_" Ink430fr6043.xcl XCL File 9 KB
e MSP430FR6043EVM_USS_Gas_Dema.dep DEP File 114 KB
MSP430FR6043EVM_USS_Gas_Demo.ewd EWD File 14 KB
e MSP430FR6043EVM_USS_Gas_Demo.ewp EWP File 69 KB /
MSP430FR6043EVM USS Gas Demo.ewt EWT File 106 KB
e MSP430FR6043EVM_USS_Gas_Demo.eww IAR IDE Workspace 1KB
path.txt Text Document 0 KB

K 17 uss 27 1AR T2

A K USS BATFRIRNE, 1HS 7 USS AT TR I API 5T -

5. i LI AR
Q: ADC I B R
A R BB R A N, IR A2 K, HEERES

/

CZENR, FIRBA WS IENBIY -

Q: 25 /AT AT B TR 58 =
A: ZHBCE NG . 7E USS GUI->Help->User’s Guide->Configuration "1 &~ H1) & B YL ,
R RN SEC WA PR, Bk B RAE I

Q: EFEA L GUI
AR BRRT S FHEIEY, T ERcED U HEEHE, GUI T MCU K8 K N FH 2R
HEA .

Q: LCD NE 7R
A: SRR BIFE T R OCH T LCD BoRThag, &l DORE R EARE T R BAT S

Q: GUI 1 H AR
A: 27 USS GUI->Help->User’s Guide->Error Handling, ik T & MkES Code A IS X

Q: USS THREH & AHH 1 HFLe 555
A: 2% USS B FETR 1Y Code Example F .

WA AR 5T USS FIFAR 0] 8, A DL B HELE E2E 8% E2E China #E X, S MHRFEAREFRK
AL 24 /NI FIFEAR T



http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/USSSWLib/USSSWLibGas/latest/exports/USSLib_02_30_00_03/docs/LibUsersGuide/markdown/CodeExamples.html
http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/USSSWLib/USSSWLibGas/latest/exports/USSLib_02_30_00_03/docs/API_Guide/html/index.html
http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/USSSWLib/USSSWLibGas/latest/exports/USSLib_02_30_00_03/docs/LibUsersGuide/markdown/CodeExamples.html
https://e2e.ti.com/
https://e2echina.ti.com/
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YV V. V. VYV V V V

MSP430FR6043-based ultrasonic gas flow meter quick start guide.

MSP430FR604x datasheet.

Ultrasonic sensing of gas flow white paper.

MSP Ultrasonic Sensing Library Users Guide.

MSP430UltrasonicLibrary.

MSP430 Team

Ultrasonic sensing subsystem reference design for gas flow (TIDM-02003) .

MSP430 JT & Tt

7. P BRI BORLE A

MSP430FR6047 Ultrasonic Sensing MCU

Upstream
Transducer

Sensor pipe

Downstream
Transducer

Reflector

Reflector

72 i
GUI P= S AT : MSP430 MCUs Ultrasonic Sensing Design Center

Bl 18 & B B E A B o A

A
VWV

Transducers
133KHz to 2.5MHz

1H: Ultra-low-power SoCs for water, gas and heat meters

MAT: Ultrasonic sensing for water flow meters

MAR:  Ultrasonic sensing for gas flow meters
EVM boards :

o O O

o

EVMA430-FR6047 (FH T /KA, e Hrhi)
EH T AR EN &S R E R T RS S H

EVMA430-FR6043(FH T /K LA AR I, 5o i)
3 K I R S A T RS S E B

Application notes:

LCD control

Frequently asked questions (FAQ) on ultrasonic sensing technology(&#T )
K FH MSP430FR604x MCU P 7K AL AN BRIt f 11 B 75 Y08 A JB A P i DL ] LR 25 (FAQ)

How to Synchronize the MSP430FR6047 Clock System Domains With the USS Oscillator

Waveform capture based ultrasonic sensing water flow metering technology

Ultrasonic sensing of gas flow

MSP430FR6043-based ultrasonic gas flow meter quick start guide

O o0 O O O O O O O

MSP430FR6047-based ultrasonic water flow meter quick start guide (557 hR)
K TR [ T4 B

Ultrasonic sensing solution submodules overview


https://www.ti.com/lit/ml/slau765b/slau765b.pdf?ts=1591957307058&ref_url=https%253A%252F%252Fwww.ti.com%252Ftool%252FEVM430-FR6043%253FkeyMatch%253DEVM430-FR6043%2526tisearch%253DSearch-EN-everything%2526usecase%253DGPN
https://www.ti.com/lit/ds/slasef5/slasef5.pdf?ts=1591957347320&ref_url=https%253A%252F%252Fwww.ti.com%252Ftool%252FEVM430-FR6043%253FkeyMatch%253DEVM430-FR6043%2526tisearch%253DSearch-EN-everything%2526usecase%253DGPN
https://www.ti.com/lit/pdf/slaa881
http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/USSSWLib/USSSWLibGas/latest/exports/USSLib_02_30_00_03/docs/LibUsersGuide/markdown/CodeExamples.html
http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/USSSWLib/USSSWLibGas/latest/exports/USSLib_02_30_00_03/docs/API_Guide/html/index.html
https://www.ti.com/lit/pdf/tiduej6
https://e2echina.ti.com/question_answer/microcontrollers/msp430/f/55/t/188471
http://www.ti.com/microcontrollers/msp430-ultra-low-power-mcus/ultrasonic-performance-sensing-mcus-overview.html
http://www.ti.com/tool/MSP-ULTRASONIC-DESIGN-CENTER
https://training.ti.com/ultrasonic-sensing-more-accurate-and-precise-water-flow-meters
https://training.ti.com/ultrasonic-sensing-gas-flow-metering-video-series
http://www.ti.com/tool/EVM430-FR6047
http://www.ti.com/cn/lit/zhcu625
http://www.ti.com/tool/EVM430-FR6043
http://www.ti.com/cn/lit/zhcu484
http://www.ti.com/lit/slaa837
http://www.ti.com/cn/lit/zhca933
http://www.ti.com/lit/slaa744
http://www.ti.com/lit/slaa889
http://www.ti.com/lit/slaa881
http://www.ti.com/lit/slau765
http://www.ti.com/lit/slau810
http://www.ti.com/cn/lit/zhcu713
http://www.ti.com/lit/sway011

