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ABSTRACT

This thesis presented the system to analyze disorders of the gesture
on body movements using three dimensions (3-D) non-contact sensors by using the
theory of vector multiplication to calculate the angle joints. This research uses Kinect
sensor to detecting the movement in 3-D to detect skeleton and classify the joints of
the body. The system provides information as 3-D coordinates (X axis, Y axis and Z
axis). This system can measurement the angle joints such as elbows, shoulders,
knees, and the height of the hip. From our system test compared to standard tool
were found to have tolerance values up to 5 degrees. Which is acceptable in the
medical application. Then tested this system with 10 participants, that found the
system can detected 1 person had knees disorders. Then lead this system to
measure with 3 patients in hospital for measurement the height of hip and the knees
angle. Results of the tested was consistent with the symptoms of patients and
physiotherapist. By the first person and the second person of patients have the
height of the right hip is over about 1 cm, 5 cm compared to the left hip
respectively. For the third patient has the angle joints of right knee more than the
left knee is 85 degrees. In addition, the system can applied to measured the football
player's movements in 5 gestures, found the passing kick and corner kick have the
values of angle joints on the right ankle less than 0 degree in while the back foot
kick, volley kick and free kick have the values of angle joints on the right ankle more
than 0 degree.

This thesis can measurement the angle of the movement on several joints
and the height of hip at the same time. Which different from the standard tool that
can measurement only one of angle joints and can not measurement while
movement. The system can lead to analysis of participant disorder and the football

players movement .
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2.2.4 @394 3D Real Time Gait Analysis on Treadmill or Walk [12]
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2.4 Microsoft Kinect Sensor [13]
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2.6 9MUNLNLNYIVDY

2.6.1 Video System for Dynamic Motion Analysis of Human Gait [15]
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2.6.2 A Dancer's Performance using Kinect-based Skeleton Tracking [16]
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2.6.3 Markerless Motion Capture using multiple Color-Depth Sensors [5]
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2.6.4 Behavioral Synchronization of Human and Humanoid Robot [6]
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(3.7)

3.3.1 nMamuaauiivilug

nuiTeiumszdedauusiene Ssunandeyamunisuesde
#efinds Kinect 1150052930 Fsvunaguivhlvaranunsafuinainaunsd 3.1 Tefida
A dudifaiivdnudenen fidn B iluidnuinailug wazita C dufidnuinaazing &
5U7 3.5 %’auﬂamaﬂﬂﬁ’ﬂmmﬁmmﬁaﬁwmﬁmmmnmma% V uazianiees U faaunisi 3.2
uazaunsi 3.3 wazilothAnnnes V waznnnes U snguidaunisi 3.4 ileluunuasly
aunsil 3.1 wagAidndlsinnnndes Kinect ansathunAmavIAveInNDS V LAt
YuInveIINmes U feaunisdl 3.5 uay 3.6 uazilethauiavesiniaes V uazsuinves
nawes U ingaiiuiitelduvuaduaunisil 3.1 Wiemaguszrinisnnees V uagnimes U



20

JUN 3.5 wansiiinfildlunmsiuauunusinileg

ivuel A= (A, A, A)B=@B,,B,,B)uarC=(,C,C)

95U 3.5 wansdidadldlunisdiurugufivinuiilng Inodida A
Usznaumean A dusuny X aestoren A, Wudiunu Y asstoen wag A, 1Jur1uny
Z vexdoren i B Usgnaudieal B, 1UuAuwnu X vesiilua B, 1lurunu Y veaiilva
way B, WuAunu Z vesialna  waeiidn C Ussneudiedn C, 1uAunu X vesaglnn C
Wuawnu Y vagaglnn wag C 1uaunu Z vesazlann Farnvaniivhluunuluaunisi 3.1-
3.7 aglamyuveialng

uuannInadeulmvesiilvaty  Ingdhlunsedoulmvesiilndans
widealdnss ypndvesnisiadeulmarnivilndivienmsiinen 0 esm wagiiloserilna
asldpstonst 135 sem Husuluaudle 180 esen iiliTusgiumumuwidonuisiaves
doudelitaruresautiug wwsfiguil 3.6

180 degree

0 degree

5UN 3.6 wanyunisinaeulmdenevesinlua



21

3.3.2 mMsAuInyudasen
AR TIVUIALHTENINTRABUUI NG TIATLINIINVBLAR L NUIYBITD
Aafinaes Kinect @1115095333U FIVUIALNTITOABNALAINITAAIUINIINGUNITN 3.1 B9
a o & av A a Y A a o < a o a v a v @ A v a o !
#iinA Wuiidanusiadedie fida B Wulinausiuderen waziida C lOuidaushuiilng

a

PRIUY
3.2 wazaunisi 3.3 wazlethAnees V wasnees U mqméﬁ’qammsﬁ 3.4 \ioldunu
adluaunsf 3.1 warAAAfildaInNans Kinect a@13150t 3 MUINILIAYEIINIABS V
WazUUIATBIINKBS U Faaunisil 3.5 uaz 3.6 waziiiethuuinuedinaes V uasauinves

3.7 doyavesiidnmarianunsatinmuaminneed V kasiinmes U faunisi

wnwes U inpauiuieluwnuadiuaunisi 3.1 iemauuseninainaes V uasinmes U

sU# 3.7 uansitianldlunisAnmyunusiudesen

Al - A= (A A, A) B=(B,,B,,B,) waz C = (G, C,,C)
910507 3.7 wansidnildlunisAuasnguiviudenon laefida A
Usznaumean A tlusunu X vesdetle A, iudiunu Y vesdeiie uaz A, udunu Z
yosldle Aifn B Usznausoe B, uAnu X vesdesan B, 1lurnu Y vesdaren waz
B, uANY Z vasloron waziiin C Usznausawan C, 1lumunu X vesialna C, 1Juen
Wy Y vesilua waz C, 1fudinu 7 vewhlue e luwsluaunisi 3.1-3.7 9z
loryuvesdanen
suanmaaieulmuastedeniy - lagialunsiedeulmivesiananais
wilenldnsmsUafvenisiadeulmainviiluamisnaisiduain 0 esm e 10 aaen
wazilosartilvamsldyudaus 90 sy Huduluauia 150 aam daguil 3.8

V0 degree

150 degree

O degree

U 3.8 wansunsingeulmdesovestasen



22

3.3.3 NMIAMUIYNTAIL
AL TVUIALHTENINTRABUUI NG TIATLINIINVBLAR L MUIYBITD
Aalindead Kinect @1315095399U FUUIAYUAMILUILENNTOAILINAINGNNITA 3.1 Feilrin
& awv A a a v @ A a 0 ! a o @ A v a ¥ v v
A uiidanuTiaaeinn Aida B Juiidausiuiue uagiida C 10ufidausiudenn dagy
#1 3.9 dayavesiiiawmataunsainaunmuiumianaes V uwasineed U faunisi 3.2
- A o s s Y =i =
waaun1si 3.3 wavidlothAninaes V wagiinmes U unaassaunisi 3.4 wieluunuadly
aun15¥ 3.1 uagAinANlAaINnaes Kinect au13atuAUIMIUIAYBAINADS V WAy
YUIAVBWINADT U A9auni1si 3.5 wag 3.6 kavliletvuinvadinaes vV uazuInved
s (% = = = ! ! s s
nnwes U inpauiuieluwnuadluaunisi 3.1 iemeiuuseninainaes V uasnmes U

JUN 3.9 uanaiiianldlunmsimuinunusuie

muuali A =(A, A, A)B=GB,,B,,B,)uar C=(C,C,C)
A Ao A ° A a @ | a v

31n3UN 3.9 wansidanldlunisAruingunusiimiiel lneiida A
Usznaumenn Agdusunu X vasaslnn A, Wuaiwnu Y vesazlun uas A, udunu Z
yosazlnn Ain B Usznousead B, 1duaimny X vasiaan B, \uamny Y ve3iaie was
B, Wupunu Z veaiaiwn  wazfidn C Uszneudieen C, wumunu X vasdawi C, e
wNY Y v0atain wag C WuAny Z veatawin deamandialusnuluaunisi 3.1-3.7 a
laAyNveITeL

A v < o o D = v
yannsiageulmvestereniu lnemlunsindeulmvesderenaisimienlans
yuUnAven1sIAGeUlIAIINYIIMBEAAITSNAN 0 891 kazilatetaiiliaugateiuads

Ianusiaus 120 aarn Wusiuluauds 155 sarm MsilTusgiuanunuiwagaufswivestony
U U dl
uAazYAAARIIUN 3.10



23

158 degree

0 degrve

S degree

JUN 3.10 uanuunsindaulmidesevediii

3.3.4 N13AMUIUANUFIVBIALINN
anugasaglinds wazvnansadwaldndunu Y Aldainnns
P5193UseNBuYYE9INNdes Kinect Fadunu Y dilfezdvaeidufiadiuns Tuidy
Ieninusildiaildanitu 100 telddldoonuiniedusuiiuns tiededenssu
M uazding1est usiraugdile 1urnugefigeaingarudnatsendes
ML AR Y = 0.8759 daalns
doenrsudamegliduns aelidn 0.8759x100 = 87.59 s

3.4 N199NLUUNITNAAD

3.4.1 N13VAABIN 1 NARBUAIINONADIVIITEUY
3.4.1.1 5svnansil

1. MyuaiLteNIginfandod AL d1sInguA15v1199In
NABY 2.5 1UAT LarAndanaedaan ity 1 wns
2. Wgdnsaulugumumdsiimualiniindesaeuuseia 01g wne

A dntinuazennsiuthenseUsy IinsinguRme

3. TS nuansimiedsguil 3.11-3.13 fazvimoulneld
130978 Goniometer Yayuludruiidesnsifiudmiouantuiinly uageuayudilaain
sEUUNSouIRTUTIN

4. 91ndel 3 vhmstuiindeyaildadiumsne  emaugndes
YosANNTTUILAT R ILINATTILRUTE UL

5. ndeyaiildarnded 4 duinneiuazuiuugessuy

6. vinanandedl 1 - deil 5 aufidianuanuuansesAmLoEs
1N 5 236



24

3.4.1.2 vimsiildnaaes
lun1snaaesdndudesiiniseonwuuriinianignldlunismaaey

WULREINUVINTNIA A UN15AR U9 990RaUDITNNIEAIN WazLung Wialrnsiuda
AulagnIluvesyuvesdess ngidedudenimsilinagey 3 M1 ienaaauns

WaRUlMYaIIlE 19F0n WAz

JUN 3.11 uaneimsnlinaaeunsiadsulmivesialng

31N3UT 3.11 uansmsnaaeunisiadeulmvestesionlye Javuy

nAABUEMAdaUAITILINLLUAIA waggilatqbithannyatsielidnin laeasviviagdng

JUN 3.12 Msnegeumsiadeulmvesionean

313U 3.12 wansvimadunldlunisnaasunisnisiedsulug

Joransalagviniinnisteuvudviafiauge wazvinaalidnin neasifiagdng



25

5U7 3.13 msnadeuinAmuveitaLi

'
a

.q' I~4 1 [y 1 % 1 A
N3UT 3.13 [WuhmmegeunsinAmdvesdeainluindunss
Tgvimmetilunisnaaeuiiloinaunsaganuiaunilanangegauu Astdun Al

109 kaznlng

3.4.2 Nanaaasil 2 M3dayuvadidniag 20 au
3.4.2.1 FBnmeaesd 2

1. fusdunidafivsindendos mundaigidrianiuasiisn
N&89 2.5 1mT LAZANRINEDIIINTY 1 1593

2. i snluBusumisiinmunlivihndesaeulse 17 01y e
arugs dmdniasenniulhevieusefamsiingtig

3. Wdhsmuanminadeg Uil 3.11-3.13 fiagvin nieafaitudeya
GRMITRHE TaeiAunatuauilliineiingt@ivg 19 au uazauiinoiRnetimg 1 au

a. 9ndeit 3 vihnnstudindeyaildadlumsns

5 ATTARANITNARDY

3.4.3 managauil 3 m3iayuvesiiielulsmenuia
3.4.3.1 FBnsvinaeaill
1. Amuaduvisiiagfndandes sumisiifidrsiudurisninndes
2.5 1n3 wasRndandas
2. Wit aluBusumisiidmualivihndes aeuuszirvesssam
Ho urmanatmin dauge ey e uwazonsiulievieusziinaing iRmgadly
gudeyadaguil 3.14



26

5UT 3.14 wananthasuaniug

3. Uuyundadliiugidnsiamad

4. lyginsamuanvimsildnaaeuiiagyinfegy 3.11-3.13

A a v

5. dhaiilatunsagrlumuiumAuiusnailug Jeren uas
WY haenmANgIvesaslnn
6. AN wazasUnanlaannivmenes

3.4.4 msnagauil 4 M3inyuvestinynuea
3.4.4.1 Bnveaesd 4
1. Mvuadiunisfiasindandos sunmlafifidrinuasiien
ndad 2.5 LWAT WaLRARINADIENIINTL 1 LM
2. Wiidhsailuguiumisiidmunlimindesaeuuszia ey
GRUHGE thinuagoinaduthevietsy iiningsfo
3. Tgidhsnmanaviinng 5 viilldiasuea S8l sulgn weaea
a8 Wwendar inelEan wasmeaouued fazh nieutuiudeyaasgiudeya Tnsifuna
Unnnueaen 1 Ay wazinweadAsaY 1 Ay
4. 1indioft 3 vhastuiindoyaiiliadunse wieudmdonns
53R MNaN1INAGaeY
3.4.4.2 v eiiliveaes
1. ¥l 1 mawzuduea
ungzszaulandisuiuiilulnsiaidy feServasegiion
wantusanseenun Lilddudecdudgymnuiiinanmsinduaudue gy 835013
wzuveadeduinusngnaifusentnng smedraviiuly Jadudmddnyunnlunis
wistuusiazuum 99nn1sdmanuintsuveafiuitdsueaiiiintutiusiuauadaldunn
fian efisutunmsdsueadeBnisdu Fsmamswueasiilignnueaiiouiuiiu sy



27

asteuldgnunniiulugnaglas lieuasiauen wsenssiutiuadudalausmuuugnazun
Lifidniin azdunereudesiigansaianaisgnionbivdudilaunseiu

5UN 3.15 wanaviegluea

2. yinfl 2 198148
mawgnil weldiaauuaumii uasiauvds n1sazgn
oAzl o 9819Re guInsth wazgnundngg gnanmsmhUdesgnliasisain
Huoulindainnggnuaewnfudndatewinds Tdushluimiiielaliignlss usinglign
Buamiie wauisdiiduiusiun gniiandne Uaeslrignasldssivazion niawiludns o
T Budumssnuniuiu Mvdainggn uasningnasgivu tiolvgnisey

Ul 3.16 uanvimzieaaduen

3. 91dl 3 Igndah
nswgvaavinlddmiunisdgnlng gnlna uazdedseg n1s
degnlnalenatlUldiidesuniilesanernasiiensedmdurinmisgnueasy wazlsl
wiweu dnlnganiluldBsszamszdmaimvdnldaunalaeliaslnnduganyu wis



28

WBeaianfizezliife insadewinfulaewinlmvinludunsadeatuianun nsduse
lUdsgnuearslianusuusaiiuinnay 35 swenanslunmaagui 3.17

JUN 3.17 Uanuvimenaaii

4. ¥0il 4 AN Mielmgnn
dnavoadiuunazBaian Ssazdondauvuihariisly
wu samule Ula uaziuaney dsluudazauiidnwasnmsmeganianiuansiisiuunanuld
Frawirduluiaglddrain nieldudarindudnuadavesdnnefagui 3.18

5UN 3.18 uanwvinmzn3an

5. 1 5 ngAoueT Vel
nsweynlufinauea asanulaiuseuegiaun wnin
wuoafildsuneuvaentinfi SanaulA 1sgniinvealdeautiuginugatanusiiegi
Munuiweld neyulaldwmiliied$nviusyg visewzyulAud1Asysveriaudein



unii 4
NAN1SNAADY

uniagnanismanimeasimsiaguuinasiae Flnd uazdenen uaznisiaaam
gewesazlnn lnewduiwes 3 17 vlaliduda Feannsoutansmnasseenldiiu ¢ mmnass
fio malTeuiileuaiivt deren uazlnalagiaiesiioTnysmnsgiu (Goniometer)
uazszUy MITeuiiisudsmvesiifetnisuinduiugdilifionnsuisdu nstagm
youfilonsuiniu uaznisiaAuvesininueavaizizuealy 5 s Ae nzuduea
Maalad WendaT eEAnuen wanmznewLesUen Selieandeadiol

4.1 mMveaesill WisusuALNTENINe Goniometer fUTEUU

Msvaaeedl 1 WisuifisuAmLsEniaTesminuInTgIu fussuuLilonsiaaey
mnugndesesszuy Laolfiedesiledayuuinsguindsmsiudy filua uazdenen e
thun3euiieuiudiinainszuy Tagazveasuiufidriamiliinsussaugdmg suiy
20 AY

4.1.1 \W3Buiiguaunialunsendng Goniometer fiusyuy
nsSEUTgUANYRTITIRITEIRTee I Aussuy Fdagaumluingunse
AL RzAeslAteENdT 10 091 B ngUR 4.1 Uann153anIg Goniometer

5UN 4.1 uaninsinyudaidnnig goniometer



30

A1519% 4.1 LARINALUSEULTIBUAYLTTNTE1IN Goniometer fUSEUU

i UG
ALl 27Y ﬁw‘ﬂﬂ E‘hu?ﬁ Goniometer LUV
@ | (n) | (@) (99717) (939717
Liatd 2 gt log
1 19 43 169 3 2 4 2 -
2 20 90 177 3 3 4 4 -
3 21 75 174 6 3 6 3 -
il 24 64 165 8 7 8 9 -
5 24 | 82 175 4 6 4 6 .
6 18 48 150 4 4 3 4 -
7 18 75 183 5 5 5 7 -
8 18 s, 175 3 5 2 5 -
9 24 90 185 6 9 6 9 -
10 20 72 172 2 1 = 1 -
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ity il LTt Lo
1 19 43 169 140 138 139 137 -
2 20 90 lnfal 137 135 136 135 -
3 21 75 174 140 140 137 138 -
4 24 64 165 140 141 139 140 -
5 24 82 175 138 140 135 137 -
6 18 48 150 140 140 138 139 -
7 18 75 183 140 140 141 142 -
8 18 75 175 135 137 %3 135 -
9 24 90 185 138 140 157 138 -
10 20 72 172 140 136 138 137 -
11 19 57 175 140 136 137 136 -
12 20 77 172 135 142 135 143 -
13 19 84 178 148 148 145 147 -
14 21 65 176 147 148 145 146 -
15 16 83 176 150 150 150 149 -
16 22 61 168 140 143 137 143 -
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g3 ol e 97
1 24 58 160 3 2 8.04 8.00 -
2 17 64 175 5 5 18.4 18.7 -
3 18 58 175 3 0 21.8 21.9 -
4 25 80 166 2 1 15.1 15.3 -
5 | 37| 65 178 8 3 8.1 8.3 LABLDULLN
F1@n
6 17 60 178 5 6 21.4 203 -
7 21 65 170 5 7 10.1 10.1 -
8 17 46 160 5 5 4.2 4.2 -
9 22 61 164 3 Y 12.7 12.6 -
10 23 54 164 6 7 11.4 10.7 -
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el
el ANNgaRsazlnn (w.al.) 31 (9970)
e U e U1

10:32:37 17.16225 17.82475 12 3
10:32:38 16.56126 17.41111 12 3
10:32:40 16.37688 17.28669 12 4
10:32:42 16.2704 17.21578 1.5 a4
10:32:43 16.22548 17.1668 12 a4
10:32:45 16.19408 17.14531 12 4
10:32:46 16.11963 17.07364 12 4
10:32:48 16.06763 1700957 12 3
10:32:49 16.05435 16.97916 12 4
10:32:51 16.04495 16.95823 12 4
10:32:52 16.03158 16.9387 12 4
10:32:54 16.00032 16.91185 12 a4
10:32:55 15.95462 16.86275 12 4
10:32:57 15.95786 16.85983 12 4
10:32:58 15.96762 16.86674 12 a4
10:32:00 15.96623 16.85585 12 4
10:32:02 15.97089 16.82426 12 4
10:32:03 16.05646 16.79622 12 4
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AUredon1sUIavas Uintuedde deinisisesfandssuna 4 U Yeuny
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3UN 4.6 wanawimnslunmeaeugUigiiennisuianeas tintueddne

M19197 4.8 UanaAAEaesEElnn 19y LavyvestienlonsuInnas

1380 mgesazlnn (9.a.) 13027 (a3en)

%18 9N g8 I
10:31:10 | 23.33461 18.41014 30 13
10:31:12 | 23.15331 18.28714 31 12
10:31:14 | 23.06561 18.22755 31 12
10:31:16 | 22.98193 18.16925 31 12
10:31:18 | 22.90282 18.11305 32 12
10:31:20 | 22.82202 18.05486 32 12
10:31:22 | 22.76855 18.02074 32 13
10:31:24 | 22.71527 17.98476 33 15
10:31:26 | 22.66482 17.95184 33 15
10:31:28 | 22.62118 17.94733 33 15
10:31:30 | 22.58536 17.96127 33 16
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10:31:34 | 22.52685 18.02087 32 17
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10:31:38 | 22.47237 18.04968 32 18
10:31:40 | 22.44703 18.05667 32 19
10:31:42 | 22.42405 18.0636 32 19
10:31:44 | 22737654 | 18.0793271 |31.94118 15
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1387 ANgavasazinn (v.al.) HULAT (84617)

el YN e N
10:42:13 2.603 1.959 8 130
10:42:14 PO 1.962 8 131
10:42:16 2.579 1.965 8 133
10:42:17 2.567 1.968 8 124
10:42:19 2.555 1.973 8 135
10:42:20 2.544 1.978 8 136
10:42:22 2.532 1.983 8 137
10:42:23 2.521 1.989 8 137
10:42:25 2.511 1.996 8 138
10:42:26 2.5 2.003 8 138
10:42:27 2.489 2.01 8 138
10:42:29 2.479 2.017 8 138
10:42:30 2.469 2.024 8 138
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138" AUgIRsaElnn (9.4.) L1 (2960)

i YN e M
10:42:32 2.459 2.032 8 138
10:42:33 2.449 2.039 8 138
10:42:35 2.439 2.047 8 137
10:42:36 2.429 2.055 8 137
10:42:37 2.419 2.063 8 137
10:42:39 2.41 2.07 8 137
10:42:40 2.4 2.078 8 137
10:42:42 2.391 2.086 8 138
10:42:52 2.328 2.124 8 142
10:42:53 y Er Z1gp 8 141
10:42:55 %3] 2.125 8 138
10:42:56 2.301 2.124 8 133
10:42:57 X2 2.123 8 118
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10:41:39 2.593 4.694 56 4
10:41:42 2.598 4.703 56 4
10:41:45 2.604 4.711 56 4
10:41:48 2.609 4.719 56 4
10:41:51 2.613 4.727 56 4
10:41:54 2.618 4.734 55 4
10:41:57 2.622 4.741 55 4
10:41:59 2.627 4.748 55 4
10:42:02 2.631 4.754 55 4
10:42:05 2.635 4.76 55 4
10:42:08 2.639 4.766 55 4
10:42:10 2.644 4.773 55 4
10:42:12 2.648 4.779 55 4
10:42:13 2.653 4,785 54 4
10:42:14 2.657 4.791 54 4
10:42:16 2.662 4.797 54 4
10:42:17 2.667 4.803 54 4
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10:42:19 2.672 4.809 54 4
10:42:20 2677 4.816 54 a4
10:42:22 2.682 4.822 54 4
10:42:23 2.687 4.828 53 4
10:42:25 2.692 4.835 53 a4
10:42:26 2.698 4.842 53 a4
10:42:27 2.704 4.848 53 4
10:42:29 2.71 4.855 53 4
10:42:30 2.716 4.862 53 a4
10:42:32 2 ¥4 4.869 o3 a4
10:42:33 2.128 4.876 53 a4
10:42:35 2.735 4883 52 a4
10:42:36 2.741 4.89 52 4
10:42:37 2.154 4.904 51 4
10:42:39 2.761 4911 51 4
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Joint Movement Analysis System of Human Using
Non-contact 3D Sensor

Supaporn Chumpen, Supan Tungjitkusolmun and Pattarapong Phasukkit *
Faculty of Engineering, King Mongkut's Institute of Technology Ladkrabang Bangkok , THAILAND 10520
*kppattar@gmail.com

Abstract—This research measures angle of the joints movement
such as left-right shoulders, left-right elbows and left-right knees
by Microsoft Kinect Sensor. Kinect is 3-D Non-contact motion
sensor which is capable to skeletal tracking and detects position
of human joints movement. By providing a three-dimensional
coordinates (the X axis, the Y axis and Z axis). This joints
information calculated and mapped the angle of the joints
position such as joints of knee, joints of shoulder, joints of elbow
etc. Finally, the angle from Kinect compared with the angle from
Goniometer is the standard instrument. When the implement
system, the patient pained left knee problems. The results of the
system showed the right knee angle greater than 5 degrees the
left knee, which corresponded to a problem with the patient.

Keywords — Non-contact, skeletal tracking, movement, Kinect,
Goniometer.

|. INTRODUCTION

This research indicates the angle of the joints by Microsoft
Kinect Sensor. Kinect provides a three-dimensional
coordinates the X axis, the Y axis and Z axis). This joint
information calculated and mapped the angle of joints in the
human body. For the accuracy of system, the researcher
compared the angle from Kinect with the angle point.

Nowadays, the many technological are innovation
developed for gait analysis such as using camera measured
depth of image for measure to continuous walking for elder in
the apartment using Kinect camera detect motion[1]. Recently,
Microsoft presented Kinect sensor for using control movement
in Xbox game consist of CMOS image, IR-pass filter and
Infrared ray are released together. The output is depth image
and simulate surrounding is 3-Dimension. This paper studied
parameter for detect gait using Kinect sensor. It detects angle
of joint and ventricle value. In addition to track skeletal for gait
analysis.

In 2006, Ludovi Lucenic and other from Solovak
University of Technology. They studied the lower of body
movement due to analyze angular velocity of the joints in
body. The image process distinguished between marker and
skin color. The output image came from two cameras. To stick
the position marker near by the knee and the middle of lower
leg such as anklebones, feet etc[2]

In 2007, B.Gao and colleagues from the University of
Florida USA, Studied to find the precision of the bone
movement, was consider the significant problems happen to the

markers stuck to muscles for measurement of upper and lower
leg movement by using 11 cameras[3]

In 2010 , C.Kongkerw from the Prince of Songkla
University in the Southern of Thailand, Studied human gait
analysis, which improve in gait or characteristic of abnormal
gait by using dynamic animation of the human gait analysis
consist of a video camera and using a blue LED as a marker.
The markers attached at the hips and the knee to study the
distortion values of waveform, amplitude of the main
frequency and the angular velocity of a normal person[4]

In 2011 D.Alexialdis et al, Studied system to measure the
performance of the dancers using Kinect camera detects
motion and Open NI is an API(Application Programming
Interface) compared the positions of the joints leg in the dancer
with another one. So this research showed to apply for dancing
training on real time[5]. At the same year K.Berger et al,
Studied human movement without the markers on the body
using four Kinect cameras to detect. The color image output
shows the depth image results from point of cameras view to
calculate the joints position in the body. The position of the
joints applied for generating the human skeleton[6]. R.
Igorevich, E. Ismoilovich and D. Min presents the controlling
of behavioral synchronization of human and Humanoid robot
by using Kinect sensor with the OpenNI. And this research
calculates the joints angle of the controller to control the robot
postures[7]

The rest of this paper is organized as follow: in the next
section some of the related works are listed and summarized. In
section 3, explained the formula, posture used in the test And
your system works the short form. After that, section 4 present
about demonstrates experimental result. Eventually paper is
finalized with short conclusions and mentions about future
research plans.

1. RELATED WORK

Microsoft Kinect Sensor is motion sensing input devices by
Microsoft in November 2010[8], it enables users to control
and interact with their console or computer without the need
for a game controller, through a natural interface using
gestures and spoken commands.

Page 118


HP-pc1
Stamp


A. Kinect for Windows Sensor Component and Specification

IR Emitter Color Sensor

IR Depth Sensor
Tilt Motor

- /

MicrophéneArray

Fig. 1 The components of Kinect sensor

Kinect enables to apply many function such as
motion sensor, face recognition, spoken commands etc.
Skeletal Tracking allows Kinect to recognize people and
follow their action, using the infrared (IR) camera, Kinect can
recognize up to six users in the field of view of the sensor. Of
these, up to two users can be tracked 20 joints of skeletal
bones.

In default range mode, Kinect can see people
standing between 0.8 meters and 4.0 meters away; users will
have to be able to use their arms at that distance, suggesting a
practical range of 1.2 to 3.5 meters.
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Fig.2 Kinect detect 20 joints

B. Skeletal Tracking Precision and Multiple Kinect Sensors

The infrared emitter of a Kinect sensor projects a
pattern of infrared light. This pattern of light is used to
calculate the depth of the people in the field of view allowing
the recognition of different people and different body parts. If
you use more than one Kinect sensor to illuminate the target
area, you may notice a reduction in the accuracy and precision
of skeletal tracking due to interference with the infrared light
sources. To reduce the possibility of interference, it is
recommended that no more than one Kinect sensor (or
infrared light source) points to a field of view where skeletal
tracking is being done [9].
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I1l. METHODOLOGY

This research is measurement angle at shoulder elbow and
knee by a Kinect camera. Which this research specify to test 3
postures as Fig. 3, and compare system value with Goniometer
value for accuracy.

A. Human Postures

(@) (b)

(©

Fig. 3 Human posture using angle measurement

At the same time, the human postures measured to test
between system and the Goniometer for accuracy. In case
study, the human postures complicate or overlap the
obstruction. The case of slightly discrepancy.

B. The equation of angle between two vectors.

Kinect provides the three-dimensional coordinates (the X
axis, the Y axis and the Z axis) to show the distance between
the origin point of camera.

- The value of X axis is the horizontal distance.

- The value of Y axis is the vertical distance.
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- The value of Z axis is the distance between camera and
tester.

This research computes the angle between joints tester to
calculate the angle between two vectors. For example first
vector generated from the elbow position to the wrist position.
And second vector generated from the elbow position to the
shoulder position. The result showed the angle elbow tester,
Shoe as Fig.4.

O:xl,yl,zc,5
Q:XZ’Y2’22
szsv)’s’zs

Fig. 4 The position of elbow

Which the equation as show below.

AeB
6 = arccos —— (1)

A8
A=(X2_X1)ii+(y2_y1)j+(22_zl)l2 2
B:(x3—xz)f+(y3—y2)j+(z3—zz)k 3
Al =06 =%)" + (¥, = V1) + (2, - 2.)’ @
‘B‘ - \/(Xs - X2)2 +(Y;— y2)2 +(2; - 22)2 (%)

The angle calculated between joints:
e The elbow angle size calculated from the Vector.
The first vector is the position joint of elbow and wrist and
the second vector is the position joint of elbow and
shoulder.
e The shoulder angle size calculated from the Vector.
The first vector is the position joint of shoulder and elbow
and the second vector is the position joint of shoulder and
hip.
e The knee angle size calculated from the Vector.
The first vector is the position joint of knee and hip and
the second vector is the position joint of knee and ankle.
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C. Process system
This topic presents systematic procedure by selective
calculate 3 angle .Using Kinect camera.

l

Detect
Skeleton

|

Szlect Left and Right of elbow,
shoulder and knee joint.

k4

- . Show
v Eclmrl angle | | Informationen | »
Calculations Disgplay

Fig 5. System diagram

This diagram shows process system diagram. Frist
step, Kinect camera detects skeleton of tester. Kinect Data is
position of joint. Second step, the system used this information
instead of formula for vector angle calculation. And finally the
system shows information on display.

IV. RESULT

This paper experiment 3 postures to test system. Which each
posture indicate the specific angle of joint. From fig. 3
(a)the first posture measured angle of elbow, (b) the second
posture measured angle of shoulder, (c) the third posture
measured angle of knee. Which the angle value of system
compared with the angle of the Goniometer. To show, the
ability to test validity system and height of hip.

Table 1. Comparing between the system output and Goniometer output

System Goniometer
o (degree degree <
2 Joints =
8 Times Times Times Times Times Times e
% 1 2 3 1 2 3 0
1 Left
oo | 5 | 53| 5|6 | 3715
Right
e |7 |6 | 7| 7|6 | 8475
2 Left
shoulder | 172 | 172 | 176 | 180 | 180 | 180 | 3.70
Right
shgulder 172 | 173 | 173 | 180 | 180 | 180 | 4.07
Left
3 elbow | 137 | 133 | 138 | 136 | 135 | 136 | 0.19
Right
eloow | 132 | 139 | 133 | 134 | 134 | 132 | 0.74

From table 1, this paper demonstrates 3 postures and tester
stands in front of the Kinect camera. Tester flexes elbow into
the body (Fig.3) which is the first posture, the tester stands up
straight in front of the camera. The error value of left knee
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angle is 7.08 percentage and error value of right knee angle is
4.75 percentage. Next posture, the tester lifts arms the highest
point (Fig.6b). The error value of left shoulder angle is 0.19
percentage and error value of right shoulder angle is 0.74
percentage. And last posture, the error value of left elbow
angle is 3.7 percentage and error value of right elbow angle is
4.07 percentage.

137°

8.1cm

o

.OO —

(9] [}

e} 3
w 8

o —
Lo wh
(o)} [*))

© ©

Fig.6 The joint angle tester from output system

From fig.6, The system measures the joint angle of
tester. First posture, Output of the angle right elbow more then
left elbow is 1 degree. Second posture, output of the angle right
shoulder more than left shoulder is 1 degree. Third posture,
output of the angle left knee more than right knee is 5 degree.
And the height of left hip more than height of right hip is 0.2
millimeters. From questionnaire of tester history, he injured a
knee ligament tear due to play rugby when 17 years ago.

I\VV. CONCUTION

This paper shows method to measure angles at joint by non-
contact 3D sensor. The system is capable of real time detection
by Kinect camera. The result of this research shows axis after
detects joint position. Then, the output position bring to
calculate of angle joint is angle elbow, angle shoulder and
angle knee. This research calculate the angle distance between
two vectors. To compare the angle output from Kinect sensor
and the angle output from Goniometer is the standard
instrument. The system ability tests validity system and height
of hip.

From the result of experiment in table 1. The first posture,
angle of the left knee and the right knee have 7.15 percentage,
4.75 percentage of the error value. Which due to tester wear
the too large trouser. It conceals the real joints. The second
posture, angle of the left shoulder and right shoulder have 3.70
percentage, 4.07 percentage of the error value. Due to the

2015 International Symposium on Multimedia and Communication Technology
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wearing clothes conceals a joint of real shoulder. The last
posture, angle of the left elbow and the right elbow have 0.19
percentage, 0.74 percentage of the error value less than 1
percentage.

Fig 6. To show result of system. The angle of left knee
more than the angle of right knee is 5 degree. Which according
tester history. He injured the left knee. So lead to the right knee
weight harder than the left of knee for long time. As a result,
angle of right knee than angle of left knee. The both angle of
shoulder have similar values. And finally height value both of
hip different 0.2 centimeter.

In the future, This system A analyses abnormal
joint at shoulder, elbow and knee joint. The system used
height value of hip to analyse of abnormal joint. The test
should be careful not to overlap the position of the visible
camera.
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Abstract— The purpose of this research reported here is to
evaluate an abnormal finger motion of trigger finger using Leap
Motion Controller to measure finger joint angles by the dot
product equation. This sensor is 3D non-contact motion sensor
which can detect finger bones. It is estimated positions and
directions for fingers and bones. Four postures are used to
evaluate an abnormal finger motion that has been used by
physical therapist: 1) a flexion of thumb IP joint, 2) neutral
position of finger PIP joint, 3) flexion of finger MP Joint, 4)
thumb radial abduction. A finger goniometer is used as a
reference method to measure the bent fingers’ angle. The results
showed that an average degree different value of a finger’s angle
measured by the finger goniometer and this system was 5.73
degrees.

Keywords—Leap Motion Controller; Trigger finger; Finger
goniometer

I. INTRODUCTION

Many people have been confused that a trigger finger
should come from a long history of hard work, but hard labor
does not seem to be very related. It can come from an episode
of overuse, but is usually not associated with any period of
heavy use. It usually comes on gradually. If you have the
trigger finger, it is evaluated by a physical therapist. So, you
will have to pay the money to see a doctor to evaluate an
abnormal finger motion. Therefore, the main advantage of this
system can help a patient who has trigger finger to evaluate an
abnormal finger motion by yourself. Four postures are applied
in this method. Generally, These posters have been used by a
physical therapist for evaluating the abnormal finger motion in
patients using the finger goniometer to measure the finger’s
angle. The physical therapist calls that direct method.

In 2011, J. Li, R. Zheng, Y. Zhang et al. [1] found an
interactive exoskeleton device for both active and passive
hand rehabilitation motions. Distant actuation modules are
used to drive these exoskeletons through a cable transmission
mechanism for thumb and index finger rehabilitation which
had eight DOFs. The exoskeleton for each finger has 4 degrees
of freedom (DOF), providing independent control for all
finger joints which the joint motion is accomplished by a
parallelogram mechanism. The results prove that the device
has low inertia which is critical in order to obtain good
backdrivability because Experimental analysis shows that the

978-1-4673-9158-0/15/$31.00 ©2015 TEEE

influence of friction accounts for a large portion of the driving
torque. Then, In 2013, J. Ngeo, T. Tamei et al. [2] reported
control of an optimal finger exoskeleton based on continuous
joint angle estimation of EMG signals for patients suffering
from loss of hand functions. This system gave the desired joint
angle positions by the predicted output of an artificial neural
network with an EMG-to-Muscle Activation model to control
the patient’s finger exoskeleton. So, this method made up
optimally designed finger exoskeleton continuously controlled
by a user’s surface electromyographic (SEMG) signals. For the
results, sEMG-based control strategy worked well in
controlling the exoskeleton, accurately obtaining the intended
position of the device. In 2014, the measurement of
rehabilitation in thumb MP joint subluxation due to
rheumatoid arthritis was presented by K. Kitano, N. Tsujiuchi
et al [3]. This system measured two kinds of rehabilitation
using motion capture and a contact force sensor. Therefore,
markers and cameras were used to create a finger model. For
result, this system could measure rehabilitation from hand
therapy, force, point of action and displacement. In 2015,
Yeongyu Park, Jeongsoo Lee et al. [4] presented the
development of a wearable sensing glove for measuring the
motion of fingers using linear potentiometers and flexible
wires. This method calculated the joint angles of fingers by
measuring the change in length of the flexible wires in
response to flexion or extension of the fingers. Therefore, a
glove, linear potentiometers, flexible wires and linear springs
were used in this system. A flexible wire is attached to the
back of each finger. Ten linear potentiometers and springs
were attached to a glove to maintain the tension of the wires in
order to measure the wire length change consistently. So, this
system can be applied to virtual reality or teleoperation
systems.

Therefore, the aim of this work is to measure the finger’s
angle from four postures for evaluating the trigger finger using
the Leap Motion Controller by the dot product equation. The
researcher had the following differences: 1) a non-contact
real-time measurement system, 2) the different types of
Sensors.

This paper is composed as follows, an introduction, then
overview is presented in section I and II respectively. Section
IV shows our results for this system. The conclusion is
proposed in Section V.



II. OVERVIEW

A. Trigger finger

The trigger finger is a condition that affects the tendons
in the finger become inflamed. [5]. When the affected finger
or thumb is bent towards the palm, the tendon gets stuck and
the finger clicks or locks. It can affect one or more fingers.
The symptoms can include pain, stiffness, clicking and a small
lump in the palm at the base of the affected finger or thumb.

Fig. 1. Trigger finger.

B. A4 Leap motion Controller

A Leap Motion Controller is actually quite simple [6].
This sensor recognizes and tracks hands, fingers and finger-
like tools. The device operates in an intimate proximity with
high precision and tracking frame rate and reports discrete
positions, gestures, and motion. The heart of the device
consists of two stereo cameras and three infrared LEDs. These
tracks infrared light with a wavelength of 850 nanometers,
which is outside the visible light spectrum. The origin is
centered at the top of this sensor. The x- and z-axes lie in the
horizontal plane, with the x-axis running parallel to the long
edge of the device. The y-axis is vertical, with positive values
increasing upwards (in contrast to the downward orientation of
most computer graphics coordinate systems). The z-axis has
positive values increasing toward the user as seen in Fig. 1.

Fig. 2. 3D picture of the leap motion sensor

The device has a large interaction space of eight cubic
feet, which takes the shape of an inverted pyramid - the
intersection of the binocular cameras’ fields of view. It’s
viewing range is limited to roughly 2 feet (60 cm) above the
device as is seen in Fig.2. This range is limited by LED light
propagation through space, since it becomes much harder to
infer your hand’s position in 3D beyond a certain distance.
LED light intensity is ultimately limited by the maximum
current that can be drawn over the USB connection. The LEDs
generate pattern-less IR light and the cameras generate almost
300 frames per second of reflected data.

Fig. 3. Interaction area of the leap motion sensor

C. Finger goniometer

Figure 3 shows the term goniometry [7] is derived from
two Greek words, Gonia means angle, and Metron, meaning
measure. Thus, it is an instrument used to measure angles.
Within the field of physical therapy, it is used to measure the
total amount of available motion at a specific joint. It can be
used to measure both active and passive range of motion. They
are produced in a variety of sizes and shapes and are usually
constructed of either plastic or metal. The two most common
types of instruments used to measure joint angles are the
bubble inclinometer and the traditional goniometer. In this
paper, this device is used to measure the joint angle as the
reference angle with the measurement from the Leap Motion
Sensor.

Fig. 4. Baseline finger (small joint) goniometer.



III. EVALUATING AN ABNORMAL FINGER MOTION

a. Four Postures

(2) (b)

e —

———

C———
—

(© (d

Fig. 5. Four postures for evaluating.

Four postures [8] have been used to evaluate abnormal
finger motion by a physical therapist for people who have
trigger finger. Postures of this system are divided into four
postures, including 1) Flexion of Thumb IP joint (a), the active
range of motion of the IP joint of the thumb is 80°, 2) Neutral
Position of Finger PIP Joint (b), the range of motion of the IP
joint of the thumb is 0°, 3) Flexion of Finger MP Joint (c), the
base of the finger movement range is 90° and 4) Thumb
Radial Abduction (d) measures in degrees the angle of
separation formed between the Thumb and Index Metacarpal
in the coronal plane. Generally, the angle value is 50°. For
thumb adduction, the angle value is 15°.

B. Formula
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Fig. 6. The finger bones structure

The skeleton of the hand has 27 bones. The skeletons of
the hand [9] are divided into four parts, namely Distal
phalanges, Intermediate phalanges, Proximal phalanges and
Metacarpal phalanges as is seen in Fig.6 on the right. The left
image in Fig.6 shows the calculation of the angle between
fingers using the dot product equation below [10].

-1 A'B
0=cos | ——— (1)
[A[x|B]
Where

A =vector A

B =vectorB
|A| = the modulus of a vector A

IB| = the modulus of a vector B
6 =the angle between the vector A and B (degree)

The direction of finger bones was used in this equation.
For example in fig. 6 on the right. That is the angle between
the Thumb and Index Metacarpal in the Coronal Plane.

C. Process system

To detect joints of finger

v

The finger’s angle
calculation by using the
dot product equation

Show information on
laptop

Fig. 7. Overall Working on the System

The diagram of this process is depicted in Fig. 7. Frist
step, a hand posture was detected by the Leap Motion sensor
which can detect finger bones and reports a position, direction
and motion information of finger bones to the user. Next, the
direction vectors of finger bones are used to calculate the
finger’s angle using the dot product equation. A laptop was
used for calculating a finger’s angle. Its output reported a
finger’s angle of each posture. Finally, the output was
displayed. Therefore, this system is applied to measure four
postures for evaluating trigger finger.



IV. RESULT

According to the standard method, the measurement of a
finger’s angle must be evaluated by using the finger
goniometer which was acceptable in most of physical
therapists. The comparison of standard method with this
system was performed in order to analyze the difference of
measured values. Table 1. Shows a finger angle measured by
the standard and this method.

Table 1. A finger’s angle measured by the finger goniometer and this system

A finger’s angle
Four postures Fingers measurement in 30 Average
times Degree
Different
Goniometer System
(Degree) (Degree)
“| Thumb 80° 76.66° 4.25%
Flexion of
Thumb IP joint
. Index 0° 5.11° 5.11°
——
Middle 0° 5.01° 5.01°
Neutral
Position of Ring 0° 6.74° 6.74°
Finger PIP
Joint Pinky 0° 6.646° 6.646°
. |
[ r Index 90° 83.95° 6.05
Y " : =
Middle 90° 84.34 5.66
Flexion of
Finger MP Ring 90° 83.34° 6.66
Joint
Pinky 90° 80.98° 9.02
7
— Thumb 50° 47.75° 2.25
and
Thumb Radial Index
Abduction

There are 4 postures of a finger angle measurement in
all experiments. First posture, this posture is the flexion of
thumb finger. The measured value of the finger goniometer is
80 degrees and this system is 76.66 degrees and an average
degree different value of 4.25 degrees. Second posture, it is
the Neutral Position of Finger PIP Joint. The maximum of an
average degree different value of second posture is less than 7
degrees. Third posture, it is the Flexion of Finger MP Joint.
The maximum of an average degree different value of third
posture is less than 10 degrees. Fourth posture, it is the Thumb
Radial Abduction. An average degree different value of fourth
posture is 2.25 degrees.

V. CONCLUSION

In this paper, we have developed a system for
evaluating an abnormal finger motion using the newly
introduced leap motion sensor to detect finger bones which are
used to calculate the finger’s angle such as interphalangeal
joint angle and Metacarpophalangeal Joint angle. It is hoped
that this system may be useful for the physical therapist. From
the results presented four postures, the finger’s angle of the
leap motion sensor, the maximum and minimum value of an
average degree different were 9.02% and 2.25% respectively.
These postures have been used by physical therapists to
evaluate abnormal finger motion of patients using the finger
Goniometer to measure the finger’s angle. In the future, we
will improve an average degree different better than this
result. Then, this system will be applied to evaluate abnormal
finger motion basic for general people.

ACKNOWLEDGMENT

We would like to thank also pedagogical supervisor,
associate professor Supan Tungjitkusolum and Pattarapong
Phasukkit, for their time and effort.

REFERENCES

[1] J. Li, R. Zheng, Y. Zhang et al, “ iHandRehab: an Interactive Hand
Exoskeleton for Active and Passive Rehabilitation”, IEEE International
Conference on Rehabilitation Robotics, pp. 1-6, 2011.

[2] ~ J. Ngeo, T. Tamei et al, “Control of an Optimal Finger Exoskeleton
based on Continuous Joint Angle Estimation from EMG signals” ,JEEE
35th Annual International Conference of the EMBS.

[3] K. Kitano, N. Tsujiuchi et al, “Measurement of Rehabilitation in Thumb
MP Joint Subluxation due to Rheumatoid Arthritis” , IEEE 16th Annual
International Conference of Engineering in Medicine and Biology
Society (EMBC), pp. 5308-5311, 2014.

[4] Y. Park, J. Lee, and J. Bae, “Development of a Wearable Sensing Glove
for Measuring the Motion of Fingers Using Linear Potentiometers and
Flexible Wires” , IEEE Transactions on Industrial Informatics, pp. 198-
206, 2015.

[5] Trigger-Finger, http://www.nhs.uk/conditions/trigger
finger/Pages/Introduction.aspx (last access: December 2014)

[6] Leap Motion, http://www.leapmotion.com (last access: May 2015)

[7] Goniometer, https:/en.wikipedia.org/wiki/Goniometer (last access:

December 2014)
[8] http://www.sso.go.th/sites/default/files/ WY SIWY G%20Web%20
Builder/sso.html/Table of Contents 2.html (last access:June 2014)
[91 Hand, https://en.wikipedia.org/wiki/Hand (last access:March 2014)

[10] Dot product, https://en.wikipedia.org/wiki/Dot_product (last access:
November 2014)



UszIRn1sAnwy

UseIngideu

WNAIFNINT Yaiiiey

17 wwsu 2534

60/1 7y 4 FruanLilaunAn 81LNBUALIIY

JIAUILTAIVATIUS 77140 Ins. 0874997962

2552 fisguAnwineulany awning - amn

159538 UUNEZNININGD

2556 AenssuaansUMan  @1vnivddnnsedng (\Hesiteudunu2)

v

anUumaluladns aunandnAnIMITaInNsE s



	ปกแข็ง
	ปกในไทย
	ปกในอังกฤษ
	3.ลิขสิทธิ์
	4.บทคัดย่อ_1
	5.บทคัดย่อภาษาอังกฤษ_1
	6.กิตติกรรมประกาศ
	7.สารบัญ_1
	8.สารบัญตาราง
	9.สารบัญรูป
	10.บทที่ 1_1
	11.บทที่ 2_10
	12.บทที่ 3_20
	13.บทที่ 4_7
	14.บทที่ 5
	15.อ้างอิง
	16.ภาคผนวก ก
	18.ปกismac +118
	THM1-4_Gm-C Realization of Floating Capacitance Multiplier.pdf
	I.   Introduction
	II.    Basic Gm-Cell Implementation
	III.   Proposed Capacitance Multiplier Realization
	IV.  Simulation Results and Discussions
	V.    Application Example
	VI.    Conclusions
	Acknowledgement
	References


	THA5-6_Experimental Study of DVB-T2 Propagation Loss.pdf
	I. INTRODUCTION
	II. DVB-T2 PROPAGATION LOSS MODEL
	III. DVB-T2 MEASUREMENT SYSTEM
	IV. RESULT
	V. CONCLUSIONS
	References


	THA6-6_Comparisons of LOS and NLOS in UWB.pdf
	I. INTRODUCTION
	II.  UWB TRANSMISSION CHANNEL
	III. LOS AND NLOS MODEL
	A. Measurement setup
	B. UWB transmitted signal waveform

	IV. EXPERIMENTAL RESULT
	V. CONCLUSIONS
	References



	19.ปก bme
	20.paper ร่วม
	21.ประวัติ



