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Measurement of Stair Ascent and Descent using Wearable RTK GNSS
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In this study, we utilized the Real-Time Kinematic Global Navigation Satellite System (RTK GNSS) to measure the
stride length and cadence of stair ascent and descent. The necessary sensing information required to determine these
parameters includes heel contact (HC) time, toe-off (TO) time, and toe position during the stance phase. The HC time can
be determined from the altitude of the heel, while the TO time can be inferred from the altitude of the toe. The stance
phase can be determined from the speed of both the heel and the toe, and the position of the toe can be ascertained from
its latitude and longitude. Consequently, we hypothesized that by using the RTK GNSS to measure both heels and toes,
it would be possible to determine the gait parameters of stair ascent and descent. We attached the RTK GNSS to both the
heel and toe of snowshoes and conducted a stair gait experiment, measuring trajectories of both the heel and toe.
Experimental results confirmed that gait parameters for stair ascent and descent could be determined with high accuracy
using the RTK GNSS.

Key Words : Gait, Stair Ascend, Stair Descend, RTK, GNSS, Heel Contact, Toe Off, Insole Pressure Sensor, IMU
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Figure 1. AT-H-35 rev.B, the wearable RTK GNSS Receiver used in this study.
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Figure 2. Experimental setup in this study.

[No.23-57] BAMMESR S RO L AIR—Y IR - Ea—IUF (539X 2023 (2023.11.10, 254>, 11.11—11.12, BHE)



T FHLOMIE T % . RTK (ML EEZRH EEHRIT, Mosaic-X5 38X V3 /N2 K+L 3y REISOHIET > 77 AS-
ANT3B-CAL-L1256-SMATNC-01 (ArduSimple #:) ZfEH L 7= EH#EfG)> 6 RTCM3.3 7 +—~ > k (MCM1005, 1077,
1087, 1097, 1117, 1127, 1230 &de) %A > #—F v k0O NTRIP Server (VA& A4k, geortk.jp:2101) #&H T3
fg Lz,

AV —)VgEE Y OpenGo (MOTICON #1) 1%, BEEHIZ A IV OBGREHT— NV RAZ L Z—RE LT
WERE DA LTz, £, #RE OLEABE EIZ IMU & >4 Xsems DOT  (Xsens £1) & #%iE L7273,
ARG CILFEBRT — % OIRNTIN RS T O OFFMERHE L. W, (v — Lt E IMU 'rhddkic
GNSS DX A L3V A%EFIH L CREZIRII 217> T\ 5.

2-3 BB ITORRIAE

A CIR 7= 328k A7 A2 FEELRATAY: (ERALAT, R 38.2551° #RFE 140.835485° =i/% 197.7m)
\CERIE L=, FEBRH ORI, BUIEE T, ATHEEO~VAERICEBII -7, £72, EBRAIIAA
T, EBRPIZEIT I 2o do, BEREIT M 1 4 (EEE, 401R). 2 —Ta—F B THEHT LR
Bidd 5%, EEOMEREEZE LT, BENT6 B (1 Bidiz 0 OFHESE 12cm, FHIHAT 38.5cm, A V% —TC
HED, THENGDEEE EBRIGITIORAT. WRE A RICA ) —V a—% B E, fERIFLAMNITEZED T,
FH = PR TR Y CREEE A FLRE L=,

2-4 FEWAE

GNSS ORIZfE (NMEA) 1L~ A 7 7 SD 1 — RO BT PCIZT —# 2 ab— L7z, A4 Y — LV EEe
I% OpenGo Software (MOTICON £f) % FNCEHIIT — & Z fht i PC I MERRISS L, #xikT — X I DIEA & e f
D2 (left total force[N], right total force[N]) & Eie7 ¥ A N7 7 A AR LTz,

NMEA @ RMC, GGA, VTG A »E&—nbREZ, &, &5, &E, #EZHH L, MATLAB (MathWorks
#E) O Na2enu BIEL % FAV N CHIHIEERE 2> 2 oy UK TR | 2 25 U 7= BB AR Tr IS TR D ot ith) SEEE DS 0.05m/s
PAT & 722 HeE28 0.1 BLL i< | fif oA T2 (2d 2 LHEL, Rk KO Om )6 — Il
HL, ZRENOOVEEZ BB KOOSO E, §7ebb EMNE) & Uiz, £, —5Huio [E
BEOBEMNIE ] & OMOEMZHAET A LT R (A T4 FR) | 2RD7-.

Wiz, THOEHAE) ICHEARET LML, BLY, [REOBHAIE] 225 BRI AT, AR
DEEPRIC 2 DEFAZHE L, TORDE FAORH 2+ THC R BX O ITORZ) &Lz, F
7=, —BEIO THC KL & ORIORHBZEZ KD, TOWED 2 fE23HETH 2 LT BMTR] 2Rdi=.

12, GNSS 2H3kd7z THC W) & TO KAl %, WRZIRIMI LA > Y — VR o odllTs — 212
YRS, T—)V RRAZ U H— REDHBRRFAEZIT 72, 22T, A VY=V RER VIR LELNZREE (eft
total force[N], right total force[N]) 1%, EHIFHIONIZARD L 2F ¥V T L —va LTS, LEE-T, 22—
JVRAZ U — KT, BIENON XD KREL<720, ZOREN 0.1 UL RS FEZ % THC KEZ)), RIEA 0N
PLENG ON 222> 7Rzl %2 [TO Rl LiEFR L.

3. BREER

3:1 R/—La—%#BEW=H4TIZDT

ABIZADRNCA ) = a—% B THITICON TR TEL . EBRIEH LA ) — 2— (PI-1487,
Belmont #1) 1%, MO FICES, MO LML~V N TEHETAHEL 2> TS, A/ —v a—OEmEITH D
FhE v b RkEv. BEFHL MmN s 2 ) — 2—0fE THAIT 3em, mITIE 2 {50 6cm D A~— X

[No.23-57] BAMMESR S RO L AIR—Y IR - Ea—IUF (539X 2023 (2023.11.10, 254>, 11.11—11.12, BHE)



NHY, WFEHETE, R AT Sem, Wl T 10cm DAL—ANH L. A/ —va—0OEHEIE, BRI
WAZ 2o TS, MENTIT 7 AF v 7 (RU=F LR C, HEIL650g ThHbH.

A )= 2= BT T, REDERSEOT- IR 2 m < b LT, K2E D L9 WHEM O 72D IZHOE I LT,
TIIERICR S E 2257, A/ —2 2 —HTIRREAT LI SRR N R 5. FHEITZ ) —
T a— T THRHIAIREIZ L B2 LD 0, BEEH S A X 0 VI8 E AT L B DRERITR DR & 5.

3+2 RTK GNSS DHIR#ER

P B BB 0O RTK GNSS ORINAE R A X 3 12~ d. £ LKV ERE (toe) @, A LR (heel) DOHINASE &
725, BNCAERIZ NMEA THE LN 50, % RTKLIB O rtkplot & Google ~ 7 (Google #1) % T[4k
LTWA. TEOIEN 1 SORNIRZE L TEY, o7V 7K 100Hz T S-SRI LCER
FRTE B IS 0.05m/s KV K& WG AR TR O I T, 0.05m/s LT OBEINARIZFAOILE TREND.
FEOOEEE FI2H D% OFCOEIE, RBEE IS EIE GEM) L7BETE BT 5.

BEHAEOPNIX D DX, FEEEA Y 1 BH (Step #1) 23K 3.2mm, FEE 57 2.4mm, [F2B:H (Step
#2) 2NKEJ5T 4.2mm, TEELTE 6.2mm T, FEEEEONEIIKEST A 4.1mm, TEETE 52mm THoT. D
NHDOFEFIE, Mosaic-X5 DT —# > — ME (OKFJ51 0.6cm~+0.5ppm, FEE A lem+1ppm) &R THY,
MNEDIRNLENZ & 5 BB T GNSS TR TE A2 Z L AR LTW5. £7-, FRIFFICEES TR L7~ GNSS T
X, HRERENS Y 247 CH Y, REE 25248 - B 2498%) LRI%ETh-o7-. S, FEBRIGATIIEBHIC
5~8 M COBMNFET HICHBEL LT, FERIMAE L <, JE5 - Rl - BEORNAED FIX R b
100% TH - 7=.

3:3 HIE (RF54 FR) OEH

SEREOFHNLE DN, HikEd 5 SMOBEEZFE T D 2 L THIENRD SN D, ARBFZETIE, GNSS (342
DIRTHEEZINTNDH T, BHESNZSRIIAT v 7ETIERL, HAROANIA NRED., Flxiddix
AERE:, ARIMEEEED L OIS, LA ODBICEMT 5D TIiE e, EADRNRELL L EBICEMTH LD
BEER AR L T D720, AROA N T A RERIIEEO—EHEORITE B IOREEZIT5.

Trajectory of toe Trajectory of heel

[38.255117, 140.83546] 3
e | e Solution with velocity > 0.05m/s

® Solution with velocity = 0.05m/s

Figure 3 Measurement results of stair ascend and descend using the RTK GNSS.
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Figure 4 Measurement results of stair ascent and descent using the RTK GNSS and the insole sensor.
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