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MEUSEEAR

1. OpenArm ¥ B BEIFITH

A2, I T H BB RESLIRE, 7157 OpenArm -G H HEEHUME K123+
P SRR . IR, BRI A TS BNIE s AR, e T AR
2NN N RSB SN 2 I YN 2% Sl I

1.1. MENA:

B H B S-R-S HUBE 2 —F 5 N TH B RE ™ A 1 B i B — B LS
ARCRIRER 1y /AP /)= =il P ) =i N S = (P i S 8 L S T B
Jrete B G, T LARRAE — AN EREZ, SRRt — e B A, SRy S-R-S HLIE
CRRTH 8- HEfFe @ -BRI 8 -

OpenArm L2 SR S-R-S TURNUE , HAF b —akza. JHlE. mitkRer
NIEHE &, J9¥EE AT HF S0 T RS 1 BARRE TR T 5. EAEIRIEZ
EVERIFERS, $EAE T RNBRAEVERER 58 KT A RSP, 0 7o N AT R g
LAVSUSESAwEIE SOV

/DOr

DM 8009 P
o3amm
Arm Reach

DM 4340 P
5.5kg
Weight per Arm

\ DM 4340
6.0kg
Peck Payload per Arm

IKRZ
CAN-FD Control

$6,500
Bill of Moterials

DM 4310

1.1.1 OpenArm EAX 5% 1.1.2 OpenArm BEHEIEIRN

HABEAA TARRAR L A N BT (i A B i —~ I a2 e i —~ L A AL
oAt — B IS B £ S H IR — I8 3 R T — 2 N EHL2E N i) o

1.2, IEIMEIEE:

FAE B RS Linux i Ubuntu22. 04, 1/f L3R5 3T ROS2, 4 1% 25 4 VScode.
BeAh, Bk Rviz AE N TAALALES AL B 5

Rviz & —aK = 4En] AL T B, RIFRIHA 75 MET ROS FAHEZLIALA A
P&, ATUER XML XIALZR N AR SEAT AT Seidt AT R s B M
B RPERENRR, FHAS TP EIE K. FE, rviz ald@d B
75 LR WRHLAR NAR ARG B HIgs AIZ3PIRES . A BI04

BARP SRS @ AR R B R


https://so.csdn.net/so/search?q=%E8%87%AA%E7%94%B1%E5%BA%A6&spm=1001.2101.3001.7020

b ROFEELR BTF EESEE

SEREGItHUb &R FAROSE B=F: BISEIE
TERVIZRISFIREY
BN SIEE BB
{F4RiF)IEREADME BEBRFIETE e —T T
—_— L L
OpenArm{ARIFIE
{ { T£Gazebo R BEI{AE
BEYEZE
HE G RIFT{EEE]

urdf/, launch/, config/ colcon build

1. 2.1 (HEFEEERE

R T openarm description & FEH ) URDF AAY, did Al & B ah U
HATMALTE Rviz F e N T IRIENURE )12 sk 2 T 5e 88, FAd AL APT
——GUT I HIE BN /A (Openarm_joint1™7) @7

1.2.2 Rviz &AL 1.2.3 QUI jEERIZHI

1.3. BEIFEME:

N1 FER—A R B LAEiEsh 222, FROAIUMEH C/CHE, H
B, KDL & —ak MR H5e B E, HAEA—NMRER. B Fa TR
CH+ B, TLRRTIBPLZIN CwpE> &b, BT BB T HEEE, A
TR ML N IEW BB 2R A . v LU R THEL . B AR il WA Bh J1 55 b4
O, RNLEE AT R R “issh ikl 5367 0 msl ) 2Eah TR %, W
7= ROS/R0OS2 A& HIZ B AR [ AZ oI

LR KDL AT IE IS s % B0E 2 ks “ R m” 5 “HR/RA M7 o,
SRTT, HH TR A SR H An 248 5 MLEAT SO U #51,  FrALevk
WA AT ROS2 MIFEIZEEN % . Rk, TEIRAE T KDL 25, AT TS

b
)
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$e2l, FEEE 7 T TR PLIE ) AHESE

I8 DASTM32CubeProjectiCubeMXProject\KDL_Phus\MDK-ARMUKDL Plusuvproix - iVision - 8 X%
File EdR View Project Fiash Debug Penpherals Tools SVCS  Window  Help
FLEIEET - e EE U | @ AeQ-leco e BN
& (E il W 31| oLpus KbZevd
Project @ ) manc ] nematics sotverc | kinematics sowerh | mathutisc | mathoutish ) TajectoryPanning.c | Wajectory Panningh ] startup stmi2e07ms v X
% Project KDL_Plus 302 e
= 3 KDL Plus 383 |}
5 3 Application/MDK-ARM o
1 startup_stm326407 e
YL e 386 [Huincs t k _compute i d Solver* solver) {
7 2 Application/User/Core 387 if ('solver || !solver->initialized) recurn 0
@ ] mainc 3se
s D gpioc 385 TransformMactrix T = transform identity().
380
i 381 | for (iRt £=0;4<NUM_JOINTS;i++) {
o 1 usate 382 T ix Torigin = _fxom_xyz_cpy(urdf_joints[i].xvz, urdf_joints{il.zpy):
5 1) stm3dfho 383 Eaxss = _rot_axia_angle (urdf_jointa(i] .axis, Solver->joint_snglesfil);
] stm32fdec_hal msp.c 394
B ceomuaa e T3 395 // parent->child = Torigin * Raxis
o M p 396 TransformMatrix A = kinematics matrix multiply(sTorigin, sRaxis);
5 (3 Drivers/CMSIS 397
S = micro_kinematics 398 solver->joint_transforms(i] =
& B kinematics solvirc 399 T = kinemarics mavrix_mulciply(sT, &h): . _
400 solver->link transforms[i] = T: // openarm link(i+1) in URDFE LT, B/E1~e8openarm link7
1) kinematics_solver.n n 3 = =
@ ) math_utils.c 402 / XEH T EWR pase->link?
1) math_utiis.h 403 TransformMatrix T_top = kinematics matrix multiply(T, (TransformMatzix*)sT_7_hand)s
@ ] Trjectory_Planning.c 404 T_top = kinematics_matrix_multiply(6T_top, (TzansformMatrix*)ET_hand tep):
o 405
L) Trjectory Planningh 406 solver->forward_transform = T_tcp; // FHHMBIA hend_ctcp
TS 107 = = =
408 - Xinematics_sxtract_position (§1_tcp,
409 Gsclver->end effector pose pesitien[0],
410 &301ver->end_effector_pose.poaition(il,
a1 &30lver-send_effector_pose.position[2]):
412 solver->snd sffector poss.orientarion = kinemarics extract quaternion (8T _tep):
413 zecurn 1;
414 |1
415 T
416 //ERAE
417 Cvoid kinematics get_posivion(const KinematicsSolvers solver, floats x, float® y, float z) (
418 | if (1solver) return:
Build Output @
Build started: Project: KDL Plus -

** Using Compiler 'VS.06 update 7 (build 860)', folder: *D:\Keil vS\ARM\ARMCC\Bin'
Build targec 'KDL_Plus'

"KDL_Plus\KDL_Plus.axf" - 0 Error(s), 0 Warning(s).

Build Time Elapsed: 00:00:01

E1.3.1 EHH CIESENFEE
mE 1.3, 1, #ZOizdhE N kinematics solver. ¢/h, math utils. c/h,
Trajectory Planning. c/h, 235X RIS 35 KRGS B3 FMHE T
Bk 5 T E. Ul iRMEss, AR EZ) 1500 17, FoAd FH 5 MR B =0k
ZOie s R BB R A, TR, ATREE .

1.4, BRHZE:

T HEFMENESYE, T T8I EER .
RHTJE AL, WS 18 3 22 2 — AR RE SR S B A, BRI ke e 5
IESETHREE T AR, H MCU N STM32F40772GT6, H A FPU {FSizH B (—
FhEERLAE MCU H BB AR FHARER, & [ TH T R 802 H ) AU 81K RAM
(192KB) , AJUARRACETR Mg, HIAFE 8RN0, TR KRR E T
58 5 2218t

" : . a
EART {%%iﬁ*YEggﬁ?lfﬁ o @ e wa Hop [ SloxOaxbs

113 WEE VI EERES N 8 D KDL.Pluxios GENERATE CGDE
B V3 TP BN 47 P 1.3 B n or ools.

STM32F407ZGTx
LQFP144

AR FRERRRROBEE AL R EADAE FE EREE RN
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1.4.1 REEVIBHEESH 1.4.2 S|RBESHE



FAE ) T BB STM32CubeMX+Keilvs, #&3ET HAL JFEff) STM32 ACHBHELY
PRI AR, R AN I R R %iﬁ%ﬂ%mwm,%Fﬁwu
TFSTHE R IG. JT)E USARTL, 5 A DMA A&4a 11 77 =R 45 BLiE i USBtoTTL 45
B A ROS %o

TEFFURTEPEAE I AT, FRE Jext b T R AR KDL 22 5 B AL 5 18 3l 2
et R WL 208 B AR AT IR UE , AT 8E S0 ROS M4 IA B I 21 ik

AN FAE ] ﬁim%m,ﬁm%miiﬁ¢~ATTﬁﬂm$Eﬁﬁo

FRAE Keil 55 ROS W5 sE —EUIHLE DH SE0R5CHT 484, FEH B Dk

BRI, N EPTR:

| BOBF VI - (m) r Eiiﬁﬂ?l—f_%gE% s
FRR BORE :
o ®O2  couc
4R 168000000 Hz FHE 11520 fwﬁtﬁ%: %ﬁt
#Higfu o e
e el i (G U s
* 450005, 0- 500001 0. 530000, 0. 499999 B x {EE : (0.1560, -0.1000, 0.7000)
= , 0..0000, 1. 0000, 0. 1500] - — A .
é gggg 1003380 g. 0000, -0, 10003 #(E Zinn ﬁuﬁi PO7c2X: (0.5000, 0.5000, 0.5000, 0.5000)
100000, 0 0000; 0. 0000, 1. 0000] BEERE
e s _
i ME%: Bins
T
S - o o i 5 | =4
0’9%0400876026440139!] F%@?ﬁ ) s [8.5, <0.3,0.4, 0.2, 0.5, 8.5, 0.5
R = (o251, 0.0007, 0.01)
fats T prext i c e & —
R #hr . 1 - A
s mm AMOTTH: (0.1238, 0.7207, 0.6788, 0.0669)
b & -0.50 0.30 D‘IUOZD USUUEU -0.50
* -0. 059794, -0. 203896, 0. 6!
x;g%;_; oCa12748, b, DhaBaT, b, 129773, 0. 720734 st 258
-|| g -
i
_3 0000, 0. 000D, 0. 0000, 1. ouou% XTHE: [-9.5, 6.3, -6.4, B.2, -0.8, 0.5, -0.5]
- SRR - fIE: (-0.0598, -0.2039, 0.6955)
— ZBMTTE: (0.6788, 0.0669, 0.1238, 8.7207)
[A=BEE |
2 Ry frd o
Bl 1.4.1 EMENMRELSR (STM32 im) [E1.4.2 KDL EERRELER (ROS ify)

it 5 ROS i KDL PETHAEAS H B 45 AR LG, RT DL SR Fh 77 255 (R LA
%*%ﬂﬁﬁﬁm% B, HILISE T E A FE AR s Bl S SR 0 IR
4 1 ik ROS SimBE# 32 2 STM32 KA Hds, ENE 17— Rviz BHIHIH O
T HEMIA scripts/rviz serial controller. py, = AEHELL json #:Uk
EE Rviz F5 0, AT SEEUNS RE UL 42 ) o

1.5. BEEIFHMESHITHK:

TESCIURE AR LER B, IWITHE T STM32 5 ROS Z R IBE& ), A T it —
SRS WU 2], B 032 B 2 AT WU R B ) o

EIXH, WAL T DLS Dy kA B 3 oK f#, @5l A — e R%
A, iR AT S A ATANRG E T e SRR A AE BRI S AU B, TSR A Y B (da),
JF BT TR R A, Rl RIS KB ENEIL, EREER H b AL
B R TUARNUGE A mks B e B B 37 557 0 B S
1

J = JT (JJT + M)

1.5.1 &/ AR LIRS AR

%4 W



N T 5B SEOU IR A R, PR R A & A HE AT EL 7Dy 3 X7 Aif
BERARN 6 X T AL FRA . Jor, AL BRRA NG R IR (x, v, 2) 5 RLEZRRAS
VU5 R B =5 PR AR AN 28 2, AN TSR R 2% P S T SR A SN T

RPN, FOPE R T g s, i TR IEES Y,
izzhE, MRS TERES .

#==LID et FFR g 1EH

&= 0 i Scviic S S T SR TIN IEKRIES] SRR TR 2T
=B v | iSeeviics o, ST EEMEER IR KAFEERIZEE
Bt 2 IBEEl¥ SEEEIERR RUERER, =HEEE Uil S vl mi Fag e ats
B3 WiEsEF EREACE XY-FELHERMD, ZEE E T ENIRREE
= 4 WzalE  KindsER XAmEEESEa W R hEERE
&5 WERE FKiRYisER YARSEESIEDN WIF R RE
e  WEalE  AisZiER IHAESAEIEE MEEEHEEE

1.5.2 EWMMI CIESEENFE

1.5.1. 3X7IBMA
Kb T8 B ARRRAS , HE 7] BCAR R R 4E 2 3 X T, R iR Z4ERE & e = [dx, dy, dz],
DLS fhisi /2 3X 3. HATEM LI

1.5.3 case3: XY LHIEEH 1.5.4 cased: ;B X HhiE| H %

1.5.5 case5: ;5 Y SHEI H %k 1.5.6 caseb: i Z MBI H %k

1.5.2. 6X7 {iiEAK

3T A7 B A R S E R I AT 2R (KA BR, T AN RS,  FEL S A i B azs e
RIDA 286 N T SeIl It iR s, BT T BRI T, F 3T ARBRAE ]
EE TR 67 AL HERTEE o 3X T AL B ARASE 6 X 7 AL RRA BIRZ OB A =44
=H,
1. FERTELAN 3X7 AFRR 6X7 (ZRdifE + ffis)E)

S5



2. mZEM e=[dx dy dz] ZFf% e=[dx dy dz d0x d0y d6z] CEEH “ekk
nE” RE)

3. DLS T\ (3X3) WARRY (6X6) ¥
RFERRA ) I 12 B 2 P R I R

1.5.8 cased: ;5 X B H %

1.5.10 case6: ;5 Z B H %

1.5.9 case5:if Y MBI H %

S AT AR R, AE 6 X T RLZSRRCA IR T, HUE AR m AT 25 4
SR H AP HEAT AL .
Zb, BRI T A S-R-S HUME ) 58 Bz 3 A S5 Pl piLk

1.6. BENFMERESTHT:

N TR IE s A FRRE L . R AEERE, BOB 05 AR SBR L
AEFIECE, KA matlab ERLEBEATRIEL, AP RCR, JFiE
STM32 FAJIS Bk I 2 U HH — IR IE Bl 2 55 5 S A I TR SR DAL R0

1.6.1. HITEHEE

FRAE ROS Qi 1 #I A BT, EATUBRES R i (1) B AR A 28 55 S B o7 28 25 e
JESRAE CSV 3 AT LG IR L £, FRAE Matlab HHOIE 7 —/ Al RLALIA
A, SRR IR AR S AAFBUE R B PRl 5 seprildr, a8 80T
case3: fE XY “F1H H &




cased: V% X BiH E £

et E— Cpens Ty Compars

para Tggetory Canpar

caseﬁ'ﬂ} Z BhiE H 2k

plot3{ax(1), ay(1), az(1), 'go’, 'MarkerSize', 18, 'MarkerfaceColor', 'g');

26 plot3(ax(end), ay(end), az(end), 'g™’, 'Markersize', 10, ‘MarkerfaceColor’, 'g');

21

22 legend(*Target”, "Actual”, "Target Start”, "Target End”, "Actual Start”, "Actual End", ...
23 ‘Location®, 'best');

24 xlabel("X"); ylabel("Y"); zlabel("Z");

25 title("Openirm Trajectory Compare");

26

27 % U fraEERE

28 vien(3); %

2 axis equal; %
10 axis visid;

i1

32 % I iE R

33 %t

S a1l x = [tx

35 ally = [ty; ay]s

36 all z = [tz; az];

37

g margin = 8.05; % S%UM

39 xlim([min(all x)*(1-margin), max(all x)*(1smargin)]);

49 ylim([min(all_y)*(1-margin), max(all_y)*(1+margin)]);

a1 zlim([min(all_z)*(1-margin), max(all_z)*(1l+margin)]);

42

a3 % il e

a4 set(gca, 'FontSize', 12, 'LineWidth', 1.5);

a5 bax ons

6 frid minor;

a7

a8 Forintf( il 'y min(all x), max(all x));
a9 Fprintf("y [x 4, %.4fl\n', nin(all y), max(all_y));
50 fprintf( 'z [%.4f, %.4F1\n', nin(all 2), max(all_z));

1.6.2. HEHE

Openum Trasccey Compere

o M EE

OpenAnn Trajectory Compare

F Target
0.45 & Actual
@ Target Start
& Target End
N L Actual Start

Actual End

58 ~ v
xlin([0.0928 8.1057])
yLin([-9.289 9.800])

[e.285 e.525])

4 | [

XiEM: [0.0976, 0.1608]
YHR: [-0.2894, 0.6002]
Z: [a.3000, B.5006]

B HUERE A e I 2%, AT DR Tk R i S TR) o P A S s A 1
VB R HA Z R HAR 0 5o ) - STM32F407 Ff) TIM2/TIMS & 32 fril#

AER 2 GGFEYEE 0T 0xFFFFFFFF)
WE R S IRE S A v

i 16 ArEm R (0TOXFFFF) , BEAR

AU, 76 STM32 i, F 8 FH 7 38 E F 28 TIM2, g I 8% I 4 i iy 84MHz (APB1
N%Qmp@>,ﬁ %ﬁTﬁﬂn9m,méE%E%%E%&mmﬁ

Window Hel

mpiete.jo - Pinout & Configuration )

Configuration
 Softwars Pa

Togge: Evet Seiaction

S xQaxbr

Project Manager

Plnoutview

STM32F4072GTx
LQFP144

- @

S9%00wEg"



R 2ERE TSI, T I

FEMENT S, TEBAFIEIR

E1.6.2.1 ENEEESE
PoAd I %02 HAL TIM GET COUNTER (&htim2), 5 Bf 5%t 4 s £
T MCU T-7, HEOS BRI $AT 56 & o, K

N

AT ERATTERE R, STM32F407ZGT6 EA L I TH TIF A THHE R FPU, BEHR VT A
IEHEE, EX By TR, 3 H DR T PORh 464 (b
(&) FPU) I I Bh 2= i S e,

3 X7 AR IK:

& BOBFEVIL

ez

0. 464326, 0, 231555 0.911976, 0. ssﬁﬂsmnﬁﬂ?ﬂ
us{” joints” [0. 344435, 0. 342453, 1. 048800, -

0. 456430, 0. 379712 1.031150, 0. esueaslmﬂtwlﬂ
{"joints": [0. 344485, 0. 342453, 1. 046609, -

0. 456430, [I 3797]2 l [IZillﬁu 0. 95[!695 }I}(ﬁgﬂﬂ

us{*joints”: (0. 6, 0. 426678, 1.
0. 423537, 0. mm i 151434, 0. 916611 }ncrumﬂ
406071
m#!ﬂjﬂ

11023

12656

11043

12666

11041

11006

11026

11060

11043

{*joints”: [0, 6, 0. 426678, 1. 2
0.423537, 0, 493407, 1. 151434, 0, 915511
us{”joints"; [0. 456195,0. 661171, 1. 116487
0370930, 0. 442070, 1. 139123, 0, 963836 }Ix-.+fKNﬂ
ints”: [0, 456195, 0. 661171, 1. 1164
us|"joints": [0. 563555, 0. 694704, 0. 859828, -
0. 387690, 0. 279572, 1. 003886, 1. 0300081) TX ¥+ HEHiE
[*joints": [0.563555, 0. 694704, 0. 859828, - <
Xt B
us{”joints”: [0. 606632, 0. 484760, 0. 773036, -
0. 442196, 0. 219071, 0. 924483, 1. 011393]} IKH HEE. 11
[*joints”: [0. 606632, 0. 484760, 0. 773036,
us " joints 774
0. 445110, 0. 3«299 94 }Ihﬂﬂﬁﬁ.
" joints 488, -
X3 WA
735706, 0. 384191, 1. 222685, ~
155781, 0. 6]} IK# A 8
o) 1351 . 3841
e 114152, 0, 45[5839.1 165781,
0. 77
0, 362885, 0, 472760, 1. 177820, 0. 947787 }H#EB‘]Q
[*joints”: [0. 7732 60703 1. 158717
0. 362885, 0. 472760, . 947787 }nh-#%tﬁﬂ
0. 363804, 0. 311068, 1. 048913, 1. 0275741 I+ BESE
{"joints": [0, 886492, 0, T08903, 0, 3023 2
0.364884, 0, 311068, wHEE:

0370030, 0, 442070, 1, 139123, 0, 053835] ) TK#+ k4
0.387890, 0. 279672, 1. 003886, 1. 030008
0. 442196, [I 21907] I] 324483, 1.011393 }I}(ﬁ‘ﬁﬂ?ﬂ

[0. 659148, 0. 34666
0.446110,0, 3«293,1 018234

6 Imxrjﬂ
us{"joints” 3267, 0. 607039, 1. 15
us{joints"; [0. 886492, I] THBBDS 0. 902372,
48913, 1. 02767

us{” joints" " [0. 943688, 0. 526042, 0. 754335 -

=

1123

AlkE

RER
3

ATREE

1.6.2.2 REFHFPU

6X 7 AL IK:

& BOBFE VI

HRE

0. 960836, 0. 381970, u ﬁB(ETl]}D(ﬂHE?ﬂ 23794 us

('}u)nf.s 1.0, 443055, 1, 711765, 1. 531048, -

2.0 033937, 50320”“#151!3 21077 us

,0. GUl]HI joints” 10. 094431

0. 84305, 1. 711765, 1. 531048, ~2. 015057, 1, 033837, -

o 450320]]D{ﬂHB§ﬂ 21077 us{"joints": [0, 049671, -
770, 2. 053833, L. 531978, -2. 090000, 0. 665266, -

0 ssmsemwma?ﬂ 14096 usl1,0. ﬁuﬂl!l(”:nm:h

[0. 0486° 717770, 78,

. 063833,
2, usunnn 11 1k HET A

5
666286, -0. 65135 14096 us
fig _m)m.s' [-0. 351628,-1. D?Eﬂlﬁ 1. 490795, 1. 529483, -
1. 148360, 544, 0. 246437 | IKH BB A 44424 us
99 n EDlllH Jums [-0. 35152&,-

» 1. 529483,
l 148350. 39154( 0. 246437”1](?(’!51?5 44424 us
{*3j0ints": [0.580120,-1.022331, 1, 326927, 1. 538941, -
z. uguuun.n.sﬁzgﬁs -0. 071213”]]:#351& 40503 us
00111 ["joints” [n 580121
1 022331 1.326927, 1. 538941, -Z‘WUDUD 0. 562968, -
0.071213]} TR MBI 40503 us (* joints”- [0. 690330, -

0. 630280, 1. 097418, 1. 533644, -2, 090000, 0. 967288, -
0. 157731111“&“!3
50 63028

21145 us. suuml oimts”:
u 1097419, 15335
0. 157 lIlKﬂ'HE‘]E 21145 us
455995 1,813388, 1. 537381, -
5134351111{#)151& 23844 us
29530

. 037469, 1. 001297, -
2394( us{ Jumts 0. 005

533137,*

14093 us

9, 1, 360519, 1, 529559, -

324655 0 IZEZQZHIK#KHE 41640 us
[-0. 0, -

350519 1. 529669, -
. 324665, 0. 425232”II(‘+“51§ 41640 us

=R

REE
3 -
BATRER

A LAE

= o x
f:lml
ROE  coud
% 15200 v
gy o »
e 1 v
e x® v
#(E {1780
W EmE
s b e 3 i ~
NERE VP8 ~
EERERE
Rkl NEilE v
NERE vre

- s] X
BOmE
202 comd
HEWE  [115200
#ign e v
Wik 1
fem %
w [ mma )
BhERE
B ER
xR ]
REERE
i By by v
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B. Heart Rate Estimation
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HeartRate Teteciion System Based on ADS1292 At the algorithm level, this study uses fast Fourler  enhancing the R-wave. Firsly, a third-order Butterworth

transform(™ to achieve time-frequency conversion of ECG. A Bls o
. bandpass filter (0.540 Hz)"is used to filter out DC drift and
Module This scheme flly considers the computing power pnteic 0 G B S SR M ke fitering is
limitations of low-cost microprocessors and aims to

q
implemented using the built-in library function of

2 . — —— — : effectively analyze the internal frequency composition of oid Repeak e
g fagiuan Fmg! Sy} usicherg en signals through frequency domain analysis. As shown in the 3 lined ool teand
g Elt Insine of Engineering  Elie nstite of Engineerirg  Elt Inside of Engincering  Eite Instuteof Engineering . signal is normalized to its maximum absolute value an
g Chongaqing University Changaing Unrrsiy Chongging U Chongging University f[‘f:"fn;:m‘" shiatied frequencydomsi unage ' 8 oothed using a 50 ms moving average window to suppress
H Chongging. Chira Chongaing, Chin Chongging, China Chongging, China 2 Tocal wkc interference.

g mail.com 243314219 @0g.com 25621 i X[k = ¥z x[n]- e fork =0,12,...,N - 1(1) This n R-wave detection algorithm based on
8 ; ottt s mppllm the derivative fiter to ECG signal to
H e e e N Y LSt sdcBaskc Control Logic: h obtain the slope information of the R-wave and detects R-waves
E Coberariig il I'k“:;;‘n ’;';":W::“m'f Rdrryinech This study utilizes an ADS1292 heart rate detection module > using an adaptive double-threshold method!'”). As shown in the
S lectreardiogram (ECG) viswalizytion. The aystem ulizes the  connected to electrode patches for ECG sigral acquisition. The Table L, the simulated ECG signal being tested is low-frequency
o Anai0r e Qe : v captured signals are transmitted in character format to a = and stable over a short period.

g module with electrode patches fo acquire ECG P

igaals from the human body. The raw sigaals are procesed  MISTOprocessor via SPI communicatiorl S Dpoaiais el
the

TABLEL R-vaves Detection Data

analysis, followed by filtring Tt s o o e
raw signals. Finally, the processed outcomes, including the E(

ECG count  Numbers of R-waves  Numbers of ists  Accurac

i 5 E T0000%

& vaveform and estimated heart rate values, are displayed in 2 w @ 5750
filtering performance and real-time capability, indicating  real-time on a TFT screen interfaced with the microprocessor. 3 3 3 9677
strong potential for industrial application. Future work may  The Figure | isthe control logic diagram. =8— : 3 o orsen
involve integrating i formance microprocessors s » 190 8
Pt ey ok pruceis- @ FIGUREIL. Frequency Domain Digram of ECG s 3 1 o714

d . 7 w
3 i . From the luqmm.\ domain diagram of ECG,it can be Although this el per nomn poorly in_detecting
Keywords—ADS1292, IIR filter, ECG, RR interval ly
; o4 S o obse the DC component of the original signal 15 high-frequency ECG signals, it is ent to support the
b 1. INTRODUCTION significant, \nlh a small protrusion around 50Hz, indicating .lppllwlmm of this study
With the aceelerating aging of Chindls population, the B e e oo sed o {1 smocthed Signal, peorin Rovwave détiction, st
number of patients with heart disease continues to risel'l it ome}guk PR Rt . the mmnnum peak value to 35% of the maximum amplitude of
The occurrence of heart disease is often closely associated 5 2 the si

with arrhythmias. The normal resting heart rate for adults
ranges from 60 to mo beats er minute, and 8 heart mie
consistently exceedin alling below this mnge is
et fleseress ] et

al, and apply a minimum peak to peak distance constraint
@ oo ds to ensure that only one R-wave is recognized for
each hc:mhﬂl Finally, the RR interval is obtained by calculating
Meanwhile, through experiments, it has been proventhat ~ the time interval between adjacent R waves. Afier removing

* 92,

e 7o H@) =

the detection of

Y i he frequency responce of the siructure 1§ zeroat  outliers less than 0.3 seconds or greater than 1.5 seconds, the
signals and accurate assessment of heart rate are of great & e T OHz (DC)™, which completely suppresses the DC  final heart rate value is calculated using the formula:
S signifiance for the  dingnosis aNd UCHMON OF g g dion =i y -
cardiovascular diseases® 5 HR=—"— 3
. In order to prevent in the detected data, this study detected By comparing te ey spcium of the i mean@®)
However, modem medical equipment for ECG detection  whether the wavefor roughly matched the normal human ECG signal with that of the signal processed by the DC notch Figure V shows the filtering and heart rate estimation results
and graphical visualization is often expensive, making  yayeform through the presentation of the upper computer. Afier

a
filter, it was found that the amplitude around OHz decreased  of a 190bpm electrocardiogram signal
significantly (notch), indicating that the DC component was it .
successfully suppressed. The overall enerzy of the

B

long erm moritoing waforlable for most paiens. T
ress this issue, this pap rate detection
g et e The system

successfully reading the raw ECG data, the raw data is
transmiltted to the upper computer through the serial port®l, and

e croproces Matlab is used to present the ECG raw signal in the upper low-frequency part decreases, but other useful frequency
acquires ECG signals through communication between the  computer. As shown in the Figure II, at this time, the ECG signal

B oo components (such as harmonics of electrocardiogram) are | ‘
microprocessor and the ADSI292 module, processes e hag not been processed, so there are many waveform spikes in basically retained. As shown in the Figure IV, there is no M
raw signals via filtering, and ultimately achieves accurate HHH | |

g v . ond utmatly achie\cs SCUE g image), bt it bsialy confoms o he ol human het significant impact in e, mid to_ high frequency Tange,
Eoo et g e time YL IRenon ol (wavekim indicating that the filter only works on DC.

‘onference on Computer Eng

‘ p
11 HARDWARE PLATFORM DESIGN i

e hardware platform built in this study includes the 5 A ﬂ‘[
il ‘

ADS1292 heart rate detection module, three electrode pads, I
clectrode wires for configuring connection knobs, and a 1Y W FIGURE V. Test Signal Electrocardiogram and Heart Rate Estimation
microprocessor.

To demonstrate that the filtering effect is good from the
Trojet STSIOSTIO0N mponsd by Nairal Traming Pogam of 0 0 C . o FIGURE IV, Spectrum Disgram of The Original Signal nd Spectrum - Perspective of the  frequency domann, the study performed a
ooyt nd Entsyersiy or g O s D D o Diagram of the Signal Processed by The DC Notch Filter second spectral analysis on the filtered ECG signal by fast
thor s corresponding author
“thors contrbuied equally o this work
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