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Abstract

In order to realize the combination of human control and mechanical force, and to enable human
to have mechanical strength, speed and endurance while retaining various advantages, and to
better play the functions of human and machine, an exoskeleton robot of lower limbs was de-
signed. The robot is mainly composed of exoskeleton mechanical legs and modular joints. The
modular joints are helpful to shorten the product development cycle and convenient to repair and
replace exoskeleton joints. The kinematics and dynamics model of the lower limb exoskeleton
robot was established, the joint torques of the lower limb exoskeleton rehabilitation robot were
simulated by using the Solidworks 3D software dynamic simulation module, and the torque of
each joint was obtained. It provides a theoretical basis for the selection of the joint drive motor
and the product research and development. The experiments show that this lower limb exoskele-
ton can assist suitable torque at the correct time to let user walk easily and keep their balance.
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Figure 1. Exoskeleton robot BEAR H1 based on flexible drives
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UTEER, AR AN DB S ALES A [4] [S1 AT ZE IR TC o (H2 DR A 1 2R B0 R A
FERE, AN BB N AR B 5t Lo k. )L, BT rml, $8W8s, bR it
&y TN BT LUE R R A S B ARS , JF ELAE R BIAT & AR A w5 T A Iz b
TS AL N DR O R AR P PR R AR AT AL, DRI A8 B S T AN 1 (0 6 A R TN ATS 5 28 B
BOPNAT £ BRI, JCH R A B RERT Il & EATE N B O s, BARFFAREATIE -

AT H B E S AR AASESAC K N AR LEE A, AU B st B nT Bk Sl R e, A
TSN BRI N SR BUE T 2 e AT A B . ST, BUAAME LA NI D RE R 2 E TR
RREY IR, AR WA BT E R PRI T, o T ATE AT AT 8 Dt AN P B S ME AT E T REAS TR
HEBREOIER, X a WS AT S, XW-FOr Bh S AR B DRI 7o £ 04 55 it o A1
BPIRAS, B PR AL 2 e b HL 22 AT B A2 — A B A BOEL

2. BRI

VERLES NGRS — 0 32, AE RSN NSRS 21 1 [ P ANBORI 2 2238 M 5GTE,  l1 1 SE RN
HAS 2l DAL, RTINS 1 EORMEEE, Camtkt 7 2 MR MIME LN, JFBDIT
gamLAL; [E A LU TT R IR IR TE, (H R TR A, H T2 He TSR = m AT B
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2.1. ESMRTEIR

ST EEALES N BV FE RS T A 0S4, S EZE 7 3 56T ST B L4 A\ (Exoskeleton Robot)
IR, 8 HAE T 0 F Cornell University FF46 6 /ERFI 28 — 2k 4= S A A& 128 A\ Hardiman, &
i% 680 kg, F A5 30 ANEHIEE, EidWENEN. BT Hardiman AFUE TR, REAREE, %I H IR
AR, AHEXt DU AME BRI N RO FC4T R 7 25 ah. @I XANIH, #F7N GUR AN B8 A
RISFRP BRI — 5 08, WeE AN . AN LR EFE VS . ITaR, AME L2 ATEA
REEAR . MEHEAR L IR ARS8 R3] 7RI & . A\ 2001 AEFF4R, 5 1 [ B 50 = 400 32 (DARPA)
PR T HFETOI R T — ISR T AR R I H —— “IG AR I EANE#S(EHPA)” o fEIXA
TUH B R, S EARGE I T N R ZAR 7R 40 B2 ) BLEEX A1 Sarcos AR RS, MIT HIZEH
FIE IR, REFE BN DA 4 km/h (IO RN DG AL B FEALIRBN 2%, IV IAT AE, R BN
F—RIIBH . IAEMH TV N A IR Z HLWUREE N F I BBl N TAE, HHO&H —Lak
o a B b1 A a1

2004 I R A0 TR o3 B A AR TR S LA N BOR S8 = (HEL), R “AR e R ok % 7
(BLEEX), WiH2HATC AT, EERFHTT HEARRSEHIMEI RS, WE 2 Fs. BAPEAN
RGEFE: PUAEP KB IO ERR) MRS, B RS W3 KRG THRE RSN S a5,
BLEEX %A% it, FAM—FERFBES 7 MEBEE, BTN RA 1A A BN R T H$®
— ek, WO AELT % 3. BLEEX HEIAR 45 kg, 1% B N e B 2 kg 2 A E B, XK
MLas N ATCAHS B2 8 7k 32 34 kg M3, @I XANEHE, ZRMEHERE HOKE, F ek
SR AT I BE O] AR B 1.3 mis, AT A HEE 0T LUIA ) 0.9 m/s. BLEEX Refig{R#FH Sz, (H
TEAT IR e B S SR — AT 51 5 77, I s B A B A g i 25 I B B AN DR (12 8 445 B
(RL%, JHRE, INidRESE) s IR R A% B 0 mT DA TP S A B O B, IR SeAR IR AR T — M5 B4,
P R EAE BHATLR G, MTEAIRETA RN IE, Mg iiRiEs), BNREATES:
PFFAIFFIC, ML N 28 8 T DU R B R
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Figure 2. BLEEX exoskeleton robot
2. BLEEX SN BEHLEE A

Figure 3. HULC exoskeleton robot
3. HULC SME &I A

R BLEEX MlL#s NVERETRFS FARIRMILTS, (HARFASK Hif B 9 858 ) o 2 4 7 752K, Bl S
KEAATHR 85 The lockheed Martin A& A 7EXS 5 —X BLEEX #4700k, #EH 28 ARSIV EEHLEE A
HULC (Human Universal Load Carrier) [6], %1% 3 frzx. [A BLEEX AHEL, HULC (R IEPEER 51, 7 ¥k
R DRI AR . AT T, R, WESEERAE. A HULC {57 8% Re i i ha 5y
Y, LRI R AR B E R SRR AVERRRE JT, I HLUL 4.8 km/h R BEELEAT & 60 734 A
Ay WA RATREEFE N AT LUAS] 16 km/ho 2012 45 5 H 34 5 5 80 =] B AT SLAF I (0 foph — R4 Bk S
AEJ1ILE] 8 /NI,

£ EHPA T HMISZH T, £E SARCOS /A&l it 4 BHL s NiEAT THFFL, BRI 2 H AR AN
BLEEX —#F, 72 /e s sl B J )&, REMRKF SRS S A EYN FENRERE. &
1t 7 AERIBEST T 2008 AEE N R A T R AE s g A 5 BHAME BRHLEE A XOS [7] [8], fn
Kl A(@)fras, fE 2011 4, FAH SARCOS KA 1 HIT A M ZE A1 i i) e 7 T+ 4 i Sarcos XOS2, i
W EREWS), 55— M, REER . EEESR, i 4b)fiw, BHEZERZFERERIK T 50%.
TR FIXEKAMEEE, BRI RIRAE ST, ATRURIA S b TR ENE, TSR 100 T A
MUBR “HMEig” .
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Figure 4. Exoskeleton robot XOS series
4. XOS RFISNEREHZEA

T H AP IROR TE AT R B AR B BOR RN, H AR 1 LR 2 i 4 5 B3 )
Ik PAS (Power Assist Suit) [9] [10], w14 5 Frax, % B'e4pLrl LURFA L T 2580 N . PAS G4 i
. R AT DB, R e SRR DG AR O A e e S B e Wk Bh A%
XAhOREN 7 G, R, EREEMan, EEENE S LI FEIEE). FEE SRS 3)
T 2 A T R B R D AL PR A SR 3% —— 6 7 /8¢S LB FSR (Force Sensing Resistance) KA il 25 58
HigshmE, KA ST DUE T 22 i AL TSR AT, SRSl 7R AT DU 3R ST 1 A B A B SR H .
PAS HME BENLEF N K BIHRF RURAE 5 B R T AT A AR IR G, AT 5 (4 A N AT & k4
filt, TRIE T WA ZEERERE . REUR T RSN S T — 3K 8 B2 AR AR BRI A P AL 4%
A Agri Robot [11] [12], 40l 6 frax, XA ANEE 26 T3, HAJEC. BT, Mo, BT
DA RIS R 3N O, SRR AL E N IRB A, a] DA 2F 8 AR b 25 20 Toe B IXRALER
Nt AR sEIA F I E0PE, MRTERRIE A, T oA G R REEE T, MLa AL
M, TR, XFHLEATFERPREE R RRE, FERTREKE SER, LR R
HEMED 10 TR, T 2012 FHASEH.
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Figure 5. PAS exoskeleton robot
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[l A H1 T OT AN BRI R T TR B, A D> BUm AR LA IS4 L2 N OB TE . Th Rt
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PR o WL RZ= B ZE [14] BB A 1 R AV ESh 83 10 T B A B B LA N SRt 17 28T BRI 70 Rk 2
T RPN NS Bl B E BB 2 M 45 (ANFIS)ER I8, FE0FH T REHLIN ] 8 FTos o AEHLIRA T
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Figure 6. Agri Robot exoskeleton robot
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Figure 7. Exoskeleton robot by the Chinese Academy of Sciences Hefei
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Figure 8. Exoskeleton robot by Yang Canjun’s
team
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Table 1. Features of various exoskeleton robots

= 1 SNSRI AT SR
SRS A4 R FEAEH AL AT
BLEEX T EH Motor Encoder T O3 By VAT T senor e R BUE MICRE L.
XOS o Two-dimension X0S iﬂ{”ﬁiﬁﬂﬁ?i@%Tﬁ”ﬁ&l\?‘%,%’?mﬁ%%%ﬁ%
- force sensor A A B ELEIE N B 7 A I S AR IR LA ) BE
Rewalk [15] Rt Tile Sensor DA AEE VAL € St R AT
HAL [16] IFE AT EMG CIRER L= LG =y =a
1-DOF exoskeleton [17] TENAMEE Torque Sensor  F| ] inertia compensator il ZF B A2 AN B BEHLEE N IO
WPS ITENAME Torque Sensor TR S AL A R 2 .
Kt {FERMEE  NoneSensor  ADSMEMIMENAHLIIGNAE, BEK, FTRMBIITE, by,

H AT N AN B LA AR E oA BRI ERFRHDEN S, JFHAE NN B2 NTER 3
FHORPIRERETIE . R NI FIR R SCH i, X RS [F A R R I R R AN E LR . A
WIS 25 BLEEX I Il 280 9 R B4 M2 2844, ONBLEEXIF A R B KISEH P b, M H
i LENcoder i 8 3. 2 25 7y AR 2R I B 5 FH 3 1) Bl o o2 i 2 ) T DA gk 2 A FH 6 5 5 1) A% T2 (A«
EMGEL 750 15 18 3% 3E T Ik AL il 1 Bl A - 573 #h AT H 2 % 1-DOF Exoskeleton for Knee Flexion and Extension
JRSEA [L7]9 BT H (13 Bk b 2 7 7= AR RS (10 D32, ASE43468 FH 28 ] DAAS FH SRR R R ML) P i s ) 6 7
S LR A 3 T LT E oA . 55— J51H, Toshio Fukuda [18]42 Hi A FH TRt ki pe 4 Bh2E IR 7L,
AIH 2% KA E B A B 0T Lk BN A E B8 N IR B L (R 8UR . 555 FETC R 70 A% S ke Al il e
RFH AT ERS, F T E - PEPRESREATIEIE . T F BN BEHLEE N IV 73 22 2 8L
NS REHE AR AR B AL, IR B
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Figure 9. Control system architecture diagram
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Figure 10. User external force estimation architecture
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Figure 11. Architecture diagram of user balance status
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Figure 12. Four A201 pressure sensors are placed on the soles
of the feet
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Figure 13. Pressure sensor measurement circuit
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ATHE P 7 B (Center of Pressure), FATTH 84N K J14% l8ks Bl & 2% N s 77, &id (@21t
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3.3. WEHEHE

()

331 ZXFHET,
Ly NEC/N R, SNO~12 (A R4 25, REH LRI RS . TR T, 52 8 I A%
HWASNT,, -

T, = (T —Ly) xS+ Ly, if T > Ly, Ty xa >0 o
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FE AP 25 PSS AR, 35 B SRR A A2 R M F L 28 A LI T i e
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O 2 AR A BT A, PR BRI L T AR O B AT a7, FRHUAEIE B A A7 2
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BT HOAMEE 05
T,, = Asing, + Bsing, + fsign(a,) 4)

TR IS HAMEE 05
T, = A'sing, + f,sign(a, ) (5)
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Figure 14. Modified moment architecture diagram
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Figure 15. Posture of lower extremity exoskeleton robot
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Figure 16. Mechanical structure design
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Figure 17. Adjustability design (for different height users)
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Figure 18. Card design
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Figure 19. Joint angle change diagram of normal walking
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Figure 20. Joint angle change diagram of stairs
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Figure 21. Diagram of joint angle change of descending stairs
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Figure 22. Diagram of joint angle change of standing
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Figure 23. Diagram of joint angle change when sitting
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Figure 24. Parametric model of the subject's slow walking gait
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Figure 25. Parametric model of the subject's walking gait
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Figure 27. Control circuit of lower extremity exoskeleton robot
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