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Abstract

In order to cope with the complex environment, this paper uses a combination of somatosensory
technology and robot control technology and Kinect equipment to design a robotic control system
based on somatosensory. In order to get closer to the results of the human arm, we used a
six-degree-of-freedom series robot and used a 51 MCU as the main control board, and the Kinect
Xbox One as a sensor. In order to make the robot arm imitate and follow the human movement, we
used the Kinect sensor to collect human motion information without contact and convert it into
control commands. The bone data acquisition module collects the coordinates of the bone joint
points, calculates the joint angle and stores it in the Mysql database. As the main communication
bridge, Mysql database combines the bone data acquisition module and the robot arm control
module through the similarity algorithm. The acquisition platform enters joint angle data into the
data inventory, and the control platform takes the joint angle data from the database. The control
module calculates the difference between the joint angle of the current moment and the joint an-
gle of the previous moment, and then matches it with the data in the database to identify the mo-
tion trajectory and automatically complete the remaining motions. It can also be understood that
the robot arm can make a “pre-judgment action”. The advantage of the DTW algorithm is that it
can reduce the delay so that the robot arm follows the movement of the human arm more quickly.
Experimental results show that the method can effectively reduce the time lag, smooth the original
data and automatically filter out the abnormal data.
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AR B HREEFIFE, KCRA T AR RS AEH AR S5Kinectk & HES I, ®itT —
MNETHEBRIRFERFRSE. A TESELTAECFBNER, RATAHBHENEBREIRFE,

fER 518 H/EREEMR, Kinect Xbox OnefE A& %s, FlFKinectf& R e LEARENEIER
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1. 5|8

FEEWA, AEEORIEAL T AT . 30 AR STk 74, 1 32 T SN Y Klinect 3D $R &%
FAENLER NGURN )iz, EEE PR o AR =i, Hdr, kA _EilEssE
REAFVERBI RS ] Kinect REEAARE#E ST s Abhr, JFRM DTW SESHTEh AL PO, KU
FERIIRA [ 1] JHHRSERORT T R S T AR MU (0 AR 22 18], A Kinect SREE SR 1 L B FRP (K45 =
AR, ARG ARGEARARE, R RRT SLEHURINUN T fhizshigte, EVUE B £ E AR #3753 5%
fl AT SEBL R 2 SR I BT 55 (2] KOEH TRSERREE MIR AR EOR 5 Tl s NBoR S5 &, 8L T
— ARG REE RN 0 R SE[3], R Kinect IR AAENERE B, IR M EHTES, T ELE
HHU TR o F DA HL K 2 ORI SE i T 6T Klinect FOSUREIR REE[4], B RV, FHRIEH
FIBE. JR - MR RO B f e, R a8 FOEAE, ORI LA B2 AR e LS AR S0 R WL il 2 DY
I HEE AU T8 58 BT 55 o v [ RO K22 (K P AN T SO ) 17— b 3 T (A JROE 4% (1 2 ) B B AL
MARG5], HAEIEN Kinec MR REIRINAIR I BIGEE, 2R )E A E SR ERHOR T SE5CH Rl =4
ARKR, TR, FFAE NI HIE e MLas AT .

ASCHE TR T AU T BRI R G, i AR BRI 2S Kinect RENHBIERE R, A)5Eid
USB3.0 #2 FMESB LS THENL, FHibih ST — R R e A, TH5E M N TE R 1
L2 . R i I 2R O 34 B B &, SRR o USSR, A g2l 18 & ik 4
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FTHL, AEBURE X R RIREN L Bl 2 T A R I LI AOAE 95 (6] A A4 EAL 2845 Kinect XT ALK
T S R SE I R, SRR LI (] P SR, AN (8] AR B, A SREE RIS 3 7 51 MR
J2E R B PP S AT SEI DRI, SR BV AR T 51, RS P SR AL WL (K2 4R & X
FERAT DA A iR ENAE R 2R, R Ja AU T B R ) ST . BAR. Wk ARk Er iR
SEMHY(Visual CH4i5) VU TE R H L (Visual CHS ). Mysql $H 2 i (5 A HURT 18] 15 51 AR AU
FIE(MATLAB %i5). M2 T I 18] 7 SUARLE S50 A 1 — 223 I S000A . ARG ZhaS e, Bhasm
(] RLBE AT LU, sSRgRas R BoR, DTW RUERRA ROb PRIt . P18 a2 DL & 3 IR 5 2

2. XTI 1E
2.1. BRBREEREER(Visual CHHERE)

2.1.1. FRERRAYSEI

Kinect f£/B48 A58 BE AR A 511 25 ANEEE AL, UM AR JERE A, SR 30 AABr 8E 1 i B
S B AE A AR A T R A SR T B (A% 0 TAE « A SCHE VS 2013 (Visual Studio 2013) KT & 45
T, f#H C++4mfEiE S 5 Opencv R K 58 il B B ER R

IR FE EUGAE B S B B B, B ERSR R, AN T L B A B A
PIRNEEG, a3 AT R R B 22, 1 s

Skeleton Stream (‘& #EE#E ). Skeleton Frame (‘B #§HEZL). Skeleton (F #%)F1 Joint (FF1E &) 2 Kinect
FIE BB B RGP RIS E X AR, Horf Skeleton Frame 5 7 AMARIE 2245 B Joint 245 ME25
MEEERHE S . B— Joint HEA =FJEM, W& 1 s,

Hrdr, Joint A Joint Tracking State B H =FHERELIRSEME, W03 2 fiR.

#7 skeletonlmg - - o

Figure 1. Human skeleton diagram

B 1. NMFEERE

Table 1. Three properties of the joint object
= 1. Joint MR =FE

Joint X G = ft & 14 TE X
Joint Type J& M X2 Joint [ — Rkl 242 1Y
Position ] X+ Y+ Z RonE 8 m = 4eAbbr, DURIENRAL. fi
FHA TFABAR R ATLLRITE X. Y. Z AL E ISR, LA Kinect A
B, XHmARKIET, mAaRM, Y #im ENiET mE, m
TR, ZAHRRAFE Kinect [F1FF &, MEEIT Kinect, Z {HiEk/)N,
0 BRI S EREEAE o BREFIS A = FoRAS:

Tracked (¥R NotTracked (RFREFR). Inferred (FEMTIR).

Position J&PE

Joint Tracking State J& 4
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Table 2. Attribute characteristics of Joint Tracking State
%% 2. Joint Tracking State HiJ/E ME4F1E

Joint Tracking State J& 17 Bt P
Inferred B HEAB R R BE R BB Wb & B A BRI OG5, AE AT
THEE A B D6 SR
Not Tracked KAT I E e, HMENO
Tracked KRR AN, H— BB

Y Kinect JB ERH BERFIE L, B EEIVLAG T REIEAE, N5 FEUBERBERAL . Bith, B4
HEBUER, BT R, A2 Joint Tracking State 25T Tracked B % s A4 GESEAT AL FE, IXFE
AT PABR £ TR E R E B

I BT, B SO REREE W 2, SRECHE R R B A 3,

2.12. XTAERTE
AR U TR DT, T BSOS RO, PN UIEL 5K kM 6, 1A
e 4, 0 mEERama(2.1).
Ktk M 0=(2.1)
AR HI7S B H N T A 7SS EHLIE FEE IV iz 3h . BRI AETE — X T H e
MM 5 DNE B, BATERI—RFRBMERGE A H HEREE . AU 6 215 Pk
BRI RLC R U4 3.

2.2. W FBITHIER(Visual CHRE)

£ Visual Studio 2013 ¥ 5 T CHERNU T E61 7 63 :m 5 AL, Wikl s,

BUBE T 4211 & 4 B BB R A2 & I R I A FE B e O FEN LI S 5, S8 5 I
23, Fedldn T 6. HA EAHURIES ST 8 MUK AU 13 fl3E S ERENLINEH1$8 2, BT
FENLR A PWM Bk %8 R 345 S, 64848 PWM EREE . Sabilsi5, 53 A ol
A PWM MBI, 270°MENLBH2) 17, PWM (IR 7.4; 1807 MMl B2 1°, PWM (I 11.11.
Bl4nJER I PWM {54 1400, <745 /A EAR4L 10°, ] PWM 484 T 1500 + 7.4 * 10 = 1474,

Zx LRk, M Kinect £% &% BN T B 2 H Mt HHE I 14 7 BT .

2.3. FSHERERE

DTW 5k BRI T3 M kI(Dynamic Programing) (1) BLAE, B A i 2l 45 YA Sk X S5 ()l , Al
PR A & R BN T T2 ATV B AN TR G iR 22, DL SR AN 18] 7 21 18] ) fe 1L UL g
(7] dn 538 I [) 32 A4 1) 32 Bl I 8] 810 5 B T8] e Z RS 2E Hh AR PP 310 dse KRR B I — e, IR A Bt mT
LUK b BRBERR 7 81 22— Bzl 46 & H 4R RN E 1230 . Hodh DTW H05 1% 5 2 FH MATLAB X4
BAFFERUN, JF H MATLAB T2 58 E M5 : 56 DTW %5 : SCIl S Mysql £ B 2 18] (11845
H5ECR: AL U7 sErtEdE R, @ K pg g, KA DTW BEF A 5 20 BAR 2 R 7 1)
TEAT AFABLA: 4] T o

DTW 5L SEHL IR 20T «
ﬁiﬁ)\ﬁﬁﬁqﬂE‘Jif_iﬂﬁﬁﬂﬂﬁj*/\%%ﬁﬁ ATAFARHN R={R(1),R(2),R(3),- . R(M)}, Hrh,
R(1),R(2),R(3),,R(M) 5 FEoR n YERI TR 331, M ORISR PR A AN 28], SE I afEd A
fERIMRBR, Frx AT ={T(1 ),T(Z),T(3),--~,T( )} Hr, T(1),7(2),7(3), . T(N) 3R —4n
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Figure 2. Bone data collection flow chart

B 2. BRMEREREE

§ sy ASVI B EENILEOLIL WISU R

17 skeletonlmg

D)
1)
Figure 3. Bone data acquisition diagram
E 3. BERBEREE
1\
(x1,y1)
e
(S]
® (x2,y2)
arctan [EEESL) -
(x2—x1)

Figure 4. Calculating the angle between two joint points
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Table 3. Two-arm control arm rotation

= 3. MBI B

RENL 5 WIS e iR fr XU PRI B0 SHUMES 301 RXT 855 2
/ WIS TTaRzn 1T LT
/ HUBE 15 130 1 LER DS

weE
#0
B

Figure 5. PC interface
5. Hfu#AE

5SS el
45 fEHL

3S e

Figure 6. Numbering diagram of the steering gear

B 6. fetlH4SE

DOI: 10.12677/dsc.2018.74033 292 B 1RG5


https://doi.org/10.12677/dsc.2018.74033

[E RS

i ) INCX-¢ TS SREQAAKF B 564 ¥ S AT B
T
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Figure 7. Kinect sensor to robot control design block diagram

[ 7. Kinect 1& 25 BIHUHF BT HI 80 THERE

THEES 2 BRI AR 2 TR ) ELRZ B 0, AT AR e AT T R RO ABAIRE o 7 AR 2 ) A P e
T AT H AN 2 ] (AR AR B e . RS DTW Ml S5 F, SRR B a2 d =(0,0) B d = (m,n)
Z IR A AR A 8. 45 A DTW SEmm IEAE S 2R, BE R AR AR %A A —A
Fitgd(i-1,7-1) d(i-1j) 83 d(i,j-1) B F =Tk d (i, ), BB mfEENd (i), f&
KERIEARIINR 2d (i, /) o BFFEN(Q2.2) T LAE R R X AL A, b g (i,)) Fm 2 MR
#EM g(0,0)) 53] g (m,n) B ICECHS PN 2 [ BEES, JF HZEAE b — R ITRC R SRl bn d (i, ) 23
2d (i, j) » SREEUER/AME . IS HEBAE AR 2 IR B R B, AT LAAS H AR 2 IR AR (BA R o AR [ 1) B
FRBE B ROR A, AERMRE A ok A

g(i-1/)+d(i,))
g(ck)=g(i.j,)=g(i,j)=min{ g (i, j—1)+2d (i, ) (2.2)
g(i,j-1)+d(i,))
2.4. Uniform Scaling B %

G MILRCIZZN M — A LWL E WS “I P87 B )& N Az 2l i el 284 9].
4, 3 53 AT DAPAAT DRk el ] o, 03 A ] AR ) AR I 9 35 S48 T80, I 18] 81 FR) 4 J) ot e 4 (R
FEXS T IS V%) . DTW AT B L AR RS A0 S5 BROB  Ja, (B T2 S 48 TN AR AR AU R K 75
RIEA ARG . (I DTW (K 9 /), RATIIEIZIN 2 RShER 3 IRshE 2 M i BT 55, Bl e 5 1s
T AR R A RE o SR, 38 3 R P8 1 B 180 B 4T mT ASEBILA i SR 5%

N TV R T Y 4 R S RER B R R, BATRAE L s . SIN T AL DR DTW, &
SRIX B SR B AR A, (HR R E SGEIRF AR Rnld, A8 TP F5 U ML

U, =max(c'_(i—1)*m/nJ+l,---,cLi*m/nJ)
L :max(cL(i—l)*m/nJ+1,---,cLi*m/n_|)
ALK IX B 5 81 nf A A S N TR 51 C BRI n A e BRI LR %L LB_Keogh:
(qi _Ui)z if g, >U,
LB_Keogh(0.C)=Y1(q,~L Y ifq,>U,

i=l
0 otherwise
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Figure 8. Two time series

& 8. AEKAEFS

Figure 9. A visual contrast of DTW (left) and Uniform Scaling (right)
[E 9. DTW (%)#1 Uniform Scaling (#7898 5t %F

B A LABRAK Q F1 C 2 A1 BE B8 BATAT LU R 7, 8 U R L nT A A 7 BEH SR 3L, e sl s U R L
FEAS A FEZZ (4 10),

TEIXFPEHR, RFETHE DTW Bl bR s ass, LUELES S48 80k 2 i e 4 R 48 iUs fevrst
B B EAT /0N S 3 R 2

3. SEI§
3.1. SKIGEHREE-Mysql BIBEERIEENL

B EEEE KRBT & AU T 2 5107 6 20 M AEA R M g R PR B b SE B, SR & s s, /R
Mysql H¥ e g LA Bt . B AR R AT & AN m) 00 PR AR A N O A BEROE , MUR TR 1 T S 4
ST ESCHE i P R DG A R . RO R A S E B TR R, Mysql A — N5 i £ A B
T. A Navicat for Mysql, s B8 2 53 m] DL HOREE SR 38, 58 i e 5 AR 3/ E~F & TRl A5 . £k
PR S FERMWE 11 s,

{5 FH Navicat for Mysql % 7. [ S 18 B[] J77 471 % (skeletonangle_yuntai) @1 12 Ffras.

1l Navicat for Mysql & 37 {3z sh i 8] 5 51 #5547 72 (skeletonangle yuntai) @14 13 s .

3.2. EUEBURMEE AR

BT CIRAT B B M LR, FRAT TR PR E 2507 300 S B A EAT B 5 AR AEREAR 2 2 A7 0]
Pto ARIEERAS MR A e 5 HAREIEAT S, BRI R BAZ— s, ] MATLAB
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1%EF DTW F1 UNIFORM SCALING P AP SREREAT 7 B o £1% S PR 2 A o] Bt L B R o 30 RE i 5 2 /B
BRI DLEEAT T 1) SR ELERT: BB, B 10 ANBh1E ¢ 4 A0 [F) LU0 E
MIRERTs 2) BIEGRS: B MHIBRIE R, B 7 81 B DAL SR Bk .

S IR

XA — A bR HEASTAR 2 44 IR S8 18 B (0 07 347 23, /] MATLAB &35 52018 3 AT P FpAS 3]
HiENTE

AR PR E WA 14 s

BEXF 12 AMFRAEB TGS, R8I EdRGER 4, £ 5).

=

.
I

0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 56 60 70 80 90 100

Figure 10. Visualize U and L asthe piecewise

B 10. % UL WASER

BAL ®5 sb MRS ES RSB

£ KA K N RTFEE(
[ ¢ o0
movement_Time datetime 6 0 a
ShoulderCenter_ShoulferRight double 6 2 O
ShoulderRighr_ElbowRight double 6 2 O
ElbowRight_WristRight double 6 2 O
WristRight_HandRight double 6 2 O
HandRight_HandTipRight double 6 2 O
ElbowLeft_WristLeft double 6 2 (]

Figure 11. Data field types
11. HiRRNE N FRIEE

[ skeletonangle yuntai @k.. x [ skeletonangle yuntaiku .. X
%t ®8 =B B0 ]
Eis\es Eistns Vesas [rwss Dxgsg | D B D8 | Loress besss L okes lesus

D movement Time ShoulderCenter ShoulderRight_ Elbor ElbowRight Wristf WristRight_ HandR HandRight Hanc ElbowLeft Wrist
6192 2018-05-17 19:44:57.000000 875 1954 -8288 -90 500 0
6193 2018-05-17 19:44:57.000000 875 1025 -85.33 -9 500 0
6194 2018-05-17 19:44:57.000000 875 187 -86.5 -87.88 500 0
6195 2018-05-17 19:44:58.000000 875 17.88 8642 -87.88 500 0
6196 2018-05-17 19:44:58.000000 875 17.61 -87.61 -87.88 500 0
6197 2018-05-17 19:44:58.000000 731 17.61 -87.61 878 500 0
6198 2018-05-17 19:44:58.000000 731 1761 -87.61 -856 500 0
6199 2018-05-17 19:44:58.000000 7.31 1761 -87.61 -83.42 500 0
6200 2018-05-17 19:44:58.000000 75 1843 -87.66 -83.42 500 0
6201 2018-05-17 19:44:58.000000 75 1843 -865 856 500 0
6202 2018-05-17 19:44:58.000000 875 17.88 -865 -8342 500 0
6203 2018-05-17 19:44:59.000000 875 1761 -87.66 -85.6 500 0
6204 2018-05-17 19:44:59.000000 875 17.61 -87.66 -84.81 500 0
6205 2018-05-17 19:44:59.000000 897 17.61 -87.66 8481 500 0
6206 2018-05-17 19:44:59.000000 897 17.61 -865 8481 500 0
6207 2018-05-17 19:44:59.000000 75 1843 -8642 -85.03 500 0
6208 2018-05-17 19:44:59.000000 713 1954 -87.66 8481 500 0
6209 2018-05-17 19:44:59.000000 713 19.25 -88.83 -82.23 500 0

» [IEETY 2018-05-17 19:44:59.000000 0 0 0 0 0 0

Figure 12. Real-time motion time series table

12. SEETIEFIATIE SR
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[ skeletonangle yuntai @k.. X [ skeletonangle yuntaiku .. X
XiE ®E EE B8O =8
Els as Cistns Vezns | Hewss Oatss | D e B Dee | 47055 Lesas Lekns Blesws

D movement_T ShoulderCenter_Shoulder| ShoulderRight_Elbow ElbowRight WristRigl WristRight_HandRig HandRight_HandTipRig Elbowleft WristLeft
24774 2018-05-17 1 135 451 3.97 -5.44 500 0
24775 2018-05-17 1 1299 464 3.92 -6.01 500 0
24776 2018-05-17 1 15.15 3.67 3.97 =571 500 0
24777 2018-05-17 1 1486 376 3.87 -6.34 500 0
24778 2018-05-17 1 1457 381 464 -6.34 500 0
24779 2018-05-17 1 15.15 372 476 -6.01 500 0
24780 2018-05-17 1 135 457 483 -8.53 500 0
24781 2018-05-17 1 1515 3.76 476 -12.53 500 0
24782 2018-05-17 1 15.15 376 427 -2.49 500 0
24783 2018-05-17 1 1486 3.81 6.44 10.89 500 0
24784 2018-05-17 1 1432 526 946 17.65 500 0
24785 2018-05-17 1 14.62 6.67 1272 232 500 0

» 24786 2018-05-17 1 14.04 6.84 15.95 25.56 500 q
24787 2018-05-17 1 12,65 857 17.82 29.74 500 0
24788 2018-05-17 1 1241 1 20.67 3143 500 0
24789 2018-05-17 1 1217 127 2254 3584 500 0
24790 2018-05-17 1 1376 14.04 23.86 406 500 0
24791 2018-05-17 1 135 167 29.25 406 500 0
24792 2018-05-17 1 1376 18.92 29.74 5213 500 0

Figure 13. Motion time series template library

13. EFNBTE FHIIERE

| BRI

A 4

BRERSK A B R R

E;‘I}%EME
\
PR [F) S92 %6 WA A 5 Sz s
BE AT B P B R

l

W HEE 2 EF IR EMSE

Figure 14. Algorithm program flow chart
E 14. BEREFRIER

Table 4. Delay time series

5% 4. BYE]FFIRERT

DTW 5% UNIFORM SCALING $%
AR DG e 1E T R
(I ATLA$ 24525 V) 39/60 37/60
RZ (R4 P AR TS 45 SRR
VK R S H Y H) 60/60 0/60
Table 5. The missing action
%= 5. ek
DTW $.i% UNIFORM SCALING #.i%
AR UG B IE ) %
I U B 2 923 ) 38/60 37/60
S EIE = S C N RPN C Rt kv 51/60 9/60

I S0 D)
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4. &g

I PRSI H DU 4518

1) TR EFEIEE LT, SRR 5 B0 VR AR 2 22 BBk, THE TR 254 2 i) (R 7 5% 22 MSE
/N, SRR S BN VR R B ZE AR, TS 2R & 2 i) 1R 7 41 22 MSE K .

2) DTW 532 F1 UNIFORM SCALING 5355 B[] 57 371 48 B (1) 5% 22 TF 585 BLAR T 5 S E s A iR 22 vt
H,

3) TEBERTE] T F1 4G L RSEAR 20 1 SR SR X PR 0 T, ASEAR UG I 1 ff 2 (I A DG R 5 S50 40
R 2 (R 25 260 N IR BV IS 45 SR S A0 R B 8 S2 56 v ) DTW S4B 75 3] 1 Lk UNIFORM SCALING
HIEH /N MES R 2 . AT WL, FEIX AP SR Zh/E T, DTW EiE#R I Tt UNIFORM SCALING
BR AR B .
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