Material Science. Textile and Clothing Technology

2012/ 7

Motion Signalling Solutions for Cycling Jacket

Marianna Grecka Ausma Vilumsong Juris Blumd *®Riga Technical University,
Zane Pavare® Riga Sradina University

Abstract —The prototype of cycling belt has been drawn up ~ The garment with a light signal indicating systerash
with LED stop signals, which are activated by the aeerometer already been created; respectively, the jacket viiim

ﬁgi\f: dskno\;[vhne tchearltr?:]ebaglénggrckztc.);hL;c:te sglrts\/iggpptrhoeba;;); direction identification signals that are activateg motion

functioning of signals, due to a high level of ridig movements. sensors and stop signals — activated by the acceéter [5].
Using Motion Capture technology and bicycle exerces It is also placed in the lower back, like in thewdn up cycling
equipment, the research of oscillation of anthropomtric points  pelt.
on the back has been carried out. The accelerometshould be
placed between scapulae to design the cycling jatcke
Furthermore, the research of choice and integratiorof light
emissive elements has been carried out.

Keywords — accelerometer, motion capture, wearable
electronics.

Fig. 3. Back of cycling belt prototype and cehback pocket
l. INTRODUCTION

The research of oscillation of the anthropometripaints
on the back has been carried out to clarify the tmos
: ; : ) appropriate placement of accelerometer for the sif
remarl_<ab|y be |mproveq by mtegrgtmg not only tight C)F/)(Izalingjacke!to(FigiB). Within the framework ofetmesgg:rch,
reflective, but also light emissive elements (LEDSpjcycle exercise equipment for cycling imitationda®ptical
electroluminescent strips and wires) in the cycling (Fig. 1). Active Motion Capture technology have been used [6]

Motion Capture technology consists of several types
therefore it has become quite popular in biomedasajti]. The
technology is used for bicycle fitting (e.g. distanbetween
the saddle and the handlebar, the distance bettiegpedals)
for the rider and also for optimization of positoof rider's
body extremities, therefore improving riding tedjue,

a b c reaching better results and avoiding injuries ahtp and
Fig. 1. Light emissive elements in the cycling sait- a belt with LED text muscles [7, 8].
[2], b — a bicycle helmet with EL wire [3], ¢ — goting sash with EL strips  Some studies include research of motion of sepatadey
4l parts depending on their positions and conditieng,, pelvis
motion or thorax during sustained cycling [9, 10].

Due to a fast-rising number of cyclists, the safatyblems
of cyclists become topical [1]. The cyclist's vidity can

The prototype of cycling belt (Fig. 2) with pocketisd light
emissive elements has been developed within tineefnark

of the present research. The principle of the -belhile the . EXPERIMENTS

cyclist rides at a constant speed or is at rast stthe LEDs A.  Motion Capture

flash, but when the cyclist is braking the LEDghtiup The goal of the research is to identify the leasbite point

instantly (like brake lights), which are activateygia signal of the back during riding a bicycle at differenesgs and in 2
coming from the sensor (accelerometer), placetlércentral  positions of the bodice (Fig. 4). Position a — aade on the
back pocket (Fig. 3). lower part of the handlebars and position b — hawdson the

upper part of the handlebars.

Fig. 2. Front and back of cycling belt

The approbation has proven that the sensor (plaoethe

back of the belt) does not provide the proper fiamitg of a b
stop signals, due to the high level of additionalvements of Fig.4. The slopping positions of bodice: a — hamdson the lower part of the
a cyclist during the riding. In this case, it isacneptable. handlebars; b —hands are on the upper part dfahelebars
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The motion capture technology has been used irsttiy.
The digital cameras of the installed system rectind
movement of anatomical points in 3 dimensions [1T{.
record the motion, markers (small spheres, whiehdatected
with infrared cameras) have been placed and aiatcbe
human anatomical points of the body (Table 1).

Six infrared light cameras send an infrared bea2® (#z)
and detect reflection of spherical markers (Fig.Td)e motion
trajectories of the back points in 3 dimensions ehdeen
registered, and coordinates in time of reflectivarkars have
been calculated.
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Fig.5. Placement of cameras according to the hupmaty and principle of
action of the system

B. Sagesof Experiment

14 infrared ray reflective markers have been a#dcto
definite points (Table I) of the back (Fig. 6). Tpeints have
been marked with numbers and letters accordingegoints,
which are used in construction of clothing.

Fig.6. Placement of the markers; axis of coordisand markers in real (a)
and virtual (b) environment

TABLE |

MARKING AND EXPLANATION OF MARKERS
No. Markers Placement of the point
1. 12, 12A Shoulder part of scapula
2. 121, 121A Upper corner of scapula
3. 11 Cervical vertebra c7
4. 22, 22A Lower edge of scapula
5. 21 Thoracic vertebra t3
6. 41 Lumbar vertebra 12
7. 43, 43A Edge of ilium on the middle line of armpit
8. 42, 42A Edge of llium on the line of scapula
9. 51 The middle point of sacrum

Cycling equipment has been prepared for the expertim
the height of the saddle and handlebars have egrated
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according to the parameters of the human body. [ohé of
pedalling has been adjusted and test ‘rides’ haes lmade.

Eight experimental ‘rides’ have been made at diffier
speeds and in two slopping positions (A and B)hef body.
Each ‘ride’ lasted 10 seconds. Conditions of thpegiment
can be seen in Table II.

TABLE I
CONDITIONS OF THEEXPERIMENT WITH CYCLING EQUIPMENT

No. Position Speed, km/h Time, s
1. A 15 10
2. A 20 10
3. A 25 10
4. A increasing from 15 to 30 10
5. B 15 10
6. B 20 10
7. B 25 10
8. B increasing from 15 to 30 10

Using special software and cameras, each coordimate
time of the markers has automatically been registesind
calculated, and visualized on the monitor of thepuoter (Fig.
6, b).

C. DataProcessng

During the experiment it has been noticed that evark?2,
43, 42A, 43A, placed on the lower part of the balchye
greater amplitude of motion than other markers. réfoee,
these points have been excluded from the furtheuledions.

Total amplitude of acceleration of each markerh@3 been
clarified, when minimal and maximal values of total
acceleration have been identified.

The component of acceleration (1) of motion pomthe
definite direction is the derivation of componefitspeed, or
the second derivation of corresponding coordina®: [

, (D)
where g-x component of the acceleration;
a—y component of the acceleration;
a— z component of the acceleration;
t —time (s);

V,— X component of the velocity;
vy—y component of the velocity;

v,— z component of the velocity.

Absolute value of acceleration is:
, 2)
where &t — the module of total acceleration.

Table Ill presents the calculation of total accafien of
marker with code 12, increasing speed from 15 t¢k8dh).
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TABLE Ill
THE CALCULATION OF TOTAL ACCELERATION OFMARKER 12 (INCREASINGSPEED FROM15T0 30 KM/H)
No. x,em| v, mis| amig | y,em| ymis| g, mig| z,em | y,mis| amig| v,mis| @ M
1. 20.79| 0.31 -0.26 | 352.32-0.03 | -0.001| 1397.75 0.09 0.01 0.32 0.26
2400. 527 | -0.52 0.21 | 340.21 -0.25 | 0.04 | 1399.49 0.14 0.04 0.59 0.22
min -0.90 -1.58 -1.41 0.002
max 0.92 1.58 1.24 2.14
min - max 1.82 3.16 2.65 2.14
4
M. RESULTS L3 #15 km/h
. L. .. 22
The lowest amplitude of acceleration in positior{FAg. 7) g, 'I I] LJ ‘I .I m20km/h
at different speeds is characteristic of marker222,, 21, but 0 l] IJ 25km/h
the largest — of markers 121, 121A, 12A. 12 121 11 121A 12A 22 21 22A 41 #1530 km/h
markers
3 Fig. 10. Amplitude of total acceleration of ayimarkers, in position B
2 m15km/h
?1 IJ u Lj L ‘j L m20km/h V. LIGHT EMISSIVE ELEMENTS
0 th 25km/h A.  TheChoiceof Elements
12 121 11 121A 124 22 21 22A 41 21530 km/h i . . )
markers Electroluminescent (EL) wire (Fig. 11) or opticalrevhas
been designed to be integrated in the cycling jadbee to a

Fig. 7. Amplitude of total acceleration of markér position A

The lowest amplitude of acceleration in positiorfFgy. 8)
at different speeds is characteristic of markerk, 22, 22A,
but the largest — of markers 12, 12A, 21,51.

w2 m15km/h
~
B ilh 1 d" | v
0 ] 25km/h
12 121 11 121A12A 22 21 22A 41 ® 15-30 km/h

markers

Fig. 8. Amplitude of total acceleration of markér position B

Special attention has been paid to values of y ax|

coordinates and acceleration, as an axis with gibiaking

small diameter and flexibility, these wires cansk&n up with
a sewing machine or hand stitched. Despite thessifes, EL
wire has been replaced with SMD (surface mounta)icdip.
Firstly, it is better seen in the daytime and athbithan the
above-mentioned wire. A small difference is obsdrve
between switched on and switched off mode of Elewirthe
daytime (Fig. 11). Secondly, the plain, flexibledaisolated
strip of surface mount diodes contains all necesskactronic
components. Thirdly, connecting wires can be selddo the
ends of strip or in the middle part of strip. Thi®cess eases
the integration of connecting wires in the condinrc seams
of the jacket.

direction. This data is important for programmingda a b c

regulating the accelerometer. The lowest amplituaofe
acceleration in positions A and B at different simeds
characteristic of markers 22, 22A, 21 and 11 (Bid=ig. 10).

4
3
o ®15km/h
~2
£ m20km/h
‘ (§'FANT th o
25km/h
0 i 1
12 121 11 121A 124 22 21 224 41 =15-30km/h

markers

Fig. 9. Amplitude of total acceleration of axisnarkers, in position A

Fig. 11. Comparison of EL wire modes: in the dagtswitched off (a) and
switched on (b); at night switched on (c)

B. Integration of Light Emissive Elements

For the integration of SMD strip, special tunnéigy( 13, b,
Fig. 12, c) of the lower and upper parts have bdesigned.
The lower part — fabric of the jacket and the uppart —
transparent, braided or weaved ribbon or ribbonsyothetic
fibres with width of 3.5 cm, in red or yellow coio(Fig. 12,
a, b).
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a b

Fig. 12. Red (a) and yellow (b) braided ribbon; 3idtrip placed in the
special made tunnel of ribbons (c)

b

[o}]

Fig. 13. Front of cycling jacket (a) and the dasid) tunnel with SMD strip
integration in the jacket (b)

The main functions of the ribbons are the followitg be
the component of tunnel and to disperse the lighting from
the SMD strip inserted in the tunnel.

The goal of this part of the research has beerefimal the
type and number of layers of ribbon for better iglspersion
and for protection against the eyes to be dazeddgusight
red and yellow SMD strips.

C. Experiment

Comparing the photos, it is obvious that the lighbetter

B dispersed using triple layered tunnels and cormdipg

colour. It means that the light is better disperselten yellow
SMD strip light is covered with triple layers ofligwv ribbon,
and similarly when a red light is covered with Hegers of
ribbon.

SMD spot of lights, which are covered with thregels of
braided ribbon, appears in square shape (see baltav 3,
6). It is caused by the fact that the yarns ofdediribbon are
positioned at an angle of 45 degrees to the haidtoBut
those that are covered with weaved ribbon appetireishape
of circle (Table V, row 9, 10). The reason is ttiat yarns are
positioned at an angle of 90 degrees to the haiaton

To conduct the experiment, it has been necessargemne
red and one yellow SMD strip, three types of sytithe
ribbons, dark (black) fabric for background and eeanfor

taking photos.
The ribbons with code numbers shown in Table IVehay

been attached to the black background thereby makin

TABLE V
CODING AND EXPLANATION OF RIBBONS
No. Code SMD strip
of
ribbon
1.
1
2.
11
3.
111
4.
2
5.
22
6.
222
7.
3
8.
33
9.
333
lo. IE T TR EE RSN
312

tunnel, where a red or yellow SMD strip has beeeited and

photos taken.

TABLE IV
CODING AND EXPLANATION OF RIBBONS

Code number of ribbon Structurs Colour of ribbon
1 Braided Red
2 Braided Yellow
3 Weaved Red

The tunnels have been made of single, double apkb tr
layers of ribbons; for example, code number 1 meams
layer of ribbon, 11 means two layers on the sarbbon.
Table V shows the photos (without flash) taken amkdusing
the same configuration of settings of the camera.
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DiscussiON ANDCONCLUSIONS

The goal of the study has been to detect the poihtee
back, whose periodical motions, during the pedgllin
minimally influence the readouts of accelerometad allow
them, without disturbances, to define the changespeed in
the riding direction of bicycle. Experimental resdws
demonstrate that the motion dynamics of markergidg on
the position of the bodice and riding speed. Itsved with
marker 21 (amplitude of total acceleration and dtonghe of
total acceleration of axis y), small oscillatiomsgosition A,
increased — in position B (Fig. 7, Fig. 8). Therefahe most
suitable place for accelerometer is the body p2inbr 11, or
between them.



Material Science. Textile and Clothing Technology

2012/ 7
From the point of view of the clothing constructitmese 9. J. Sauer, J. Potter, C. Weisshaar, etc., “Inflaeof gender, power, and
. hand position on pelvic motion during seated cyflirMedicine and
points are acceptable’ as they Can, b,e pIaced Ort,)ahé Science in Sports and Exercise, volume 39, issu@dges 2204-2211,
central seam. The sensor can be easily integralacing it on December 2007. [Online]. Available: Scopus, htypav-scopus-
seam allowances (sensor parameters 10 x 15 x 2 irine). com.resursi.rtu.lv/home.url. [Accessed Septembe2@52]. _
detail (-s) of clothing upper part of the backesd influenced 10- M- Savers, A. Tweddle, "Thorax and pelvis kimgios change during
. . sustained cycling”, International Journal of Spdfisdicine, volume 33,
by deformation (Fig. 14). o _ issue 4, pages 314-319, 2012. [Online]. AvailaBleopus, http:/www-
In terms of safety, considering anthropometric desd, the scopus-com.resursi.rtu.lv/home.url. [Accessed Sepes 15, 2012].
sensor at this place (marker 21) is less influenceld- Dabolina, I. Vilumsone, A. Fjodorovs, A.: Ajgltion of Non-Contact
hanicall h . itv b U 3D Positioning for Anthropometrical Modelling, Sotdic Journal of
mechanically, as there is concavity between scapufar RTU, vol. 4 (2009), pp. 138-145
example, putting on a rucksack, the sensor will bet 12. Apinis, A, Fizika, Zvaigzne,iBa (1972)

damaged.

Red and yellow SMD strips have been chosen for

integration as light-emissive elements because toirt
brightness and flexibility of connection with wires
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light better than double and single layered tunnels
Depending on the density and position of yarns ha t
ribbons, the light disperses in the shape of arsgoiacircle.
Fig. 14 demostrates the draw up cycling jacket wéthow
turn direction signals and red stop signals, atgivaby the
accelerometer.

Fig. 14. Front and back of the cycling jacket
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Marianna Grecka, Ausma Vilumsone, Juris Biims, Zane Paire. Kustibu signalizéSanas risirajumi velobraucgja jaka

Lidz ar velosipdistu skaita palieli®Sanos, rodas nepiecieSéa palieliit drogbu akivaja satiksmes pisma. To iesgjams risirat, integgjot gaismu
izstarojoSos un atstarojoSos elementus velobjawgerba. lepriek$jos pEtijumos tika izveidota josta ar LED, kas signalirar velobraugja apsiSanos, ko
nodroSina mugurda esod sensora (akselerometra) sitn AprolEjot jostu, konstats, ka sensora datiu traué muguras lejasdas kusbas, kas rodas braucot
ar velosigdu. Projekgjot velobraugja jaku aridzigam funkcijam, tika veikts velosipdista muguras punktu &stibu Etijums, lai noskaidrotu vismazkagiko
muguras punktu braukSanas tikzmantots velotrenaZieris (brauk3anas dnijii) un motion capture tehngja, ar kuru tika fikstas un apgkinatas uz
muguras izvietoto méreru koordirates laili. Nosakot sensora izvietoSanas vietu, s¢sjrka atemeto kermena punktu kusbas dinamika ir atkaga no cikeka
stava noliekSaas poicijas un braukSanaaruma. Vismazkas swrstibas rakstdgas muguras punktiem, kas atrodgsstipu fimert, lidz ar to patrinajuma
sensors velobraga jaka ir jaizvieto posmi no mugurkaula kakla sefit un kiiSu tred skrieméa. Risinot gaismu izstarojoSo elementu ind8gnas iesgjas
velobraugja jaka, elektroluminiscento un optisko vadu vi¢ika izmantots sarkanas un dzeltenas SMD (surfament diode) gaismas joslas, s tir spilgékas
unértak savienojamas ar vadiem. |zstits SMD joslu integiSanas veids.aBuma stadijas integfana paredz tekstilmat&a tunda izgatavoSanu, kas sasho
apak3das (pamatdina) un virsdas (caursjoiiga sarkana, dzeltenaavai austa lente). Lai noskaidrotu tlmeirsddas matetila izkliedesipa3bas, izgtitas 3
veidu lenSu gaismas izkliedgsa3bas, vamjot slanu skaitu, savstagju kombiraciju. Noskaidrots, ka lak gaisma tiek izkliesta zem 3 lenSu @jiem, uz
gaismas avota novietojoist pasSas Kisas lentes (sarkana gaismakpita ar sarkadm leném). Lentes pavedienu savstggpnovietojums nosaka gaismas
izkliedes formu — zemifas lentes gaisma izklieghs kvadata forms, zem austas — @pforna.

Mapuanna I'peunka, Aycma Buinomcone, FOpuc Baymc, 3ane [1aBape. Pemienue curHaju3anuyu ABH:KEHUH 1JISl KYPTKH BeJIOCHIIEINUCTA

C yBeNMUYEHHEM YHUCIA BEIOCHIICANCTOB BO3HUKAIOT BOIPOCHI MX OE30MACHOCTH B aKTUBHOM IOTOKE TPAHCIOPTHOTO JIBMKEHHUS. JTO BO3MOXKHO PEUIMTH C
MTOMOIIBIO0 UHTETPUPOBAHUS CBETOM3IYYAIOIINX U CBETOOTPAXKAIOIINX AJIEMEHTOB B OZCXK/Y BEJIOCHIIEIUCTOB. B MpeabIIynuX UCCIeI0BaHUAX ObUT CO3/1aH MOSIC
¢ LED snemeHTaMu, CHTHAIM3UPYIOIMMH [IPH TOPMOXKEHUH BellocHIena. DTy QYHKIMI0 00eCeurBaeT CUTHAI C3a/IM HaXO/AIIErocs CeHcopa (akcelnepoMerpa).
Bo Bpems anpobaiyu mosica KOHCTATUPOBAHO, YTO JBMIKCHHS HIDKHEI 4acTH CIIMHBI BO BPEMs €37IbI Ha BEJIOCHIIE/IC CO3JAIOT MOMEXH ISl JEUCTBUS CEHCOpA.
IIpoekTupyst KypTKy € MOXOKMMHU (YHKIHSIMH, OBUIO HCCIIENOBAaHO KOJCOAHUE PA3NMYHBIX TOYEK CIMHBI BEJIOCHUIEINCTA, C LEJIbI0 BBICHUTH HaUMEHEE
MOJBIXHYKO TOYKY Ha CIIMHE BO BpeMsl €3l Ha BENOCHIe[e. BbUI MCHONB30BaH BeEJOTpeHaxkep (UIsi MMHUTALIMKM €37IbI) M TEXHOJorus motion capture, c
TTOMOIIBIO KOTOPOH 3a()MKCUPOBAHBI U MPOM3BEICHBI pacyeThl KOOPIMHAT MapKepOB pa3MEIICHHBIX Ha cruHe. ONpenenuB pacloioKeHue CeHCopa Ha CIUHE,
KOHCTaTUPOBAIH, YTO JBUTATEIbHAS TUHAMHKA OTMEYCHHBIX TOYEK Ha CIIMHE 3aBUCHUT OT HAKJIOHA TOPCA YEJIOBEKa U CKOPOCTH e3/1bl. HanmeHbIe konebanus
MapKepoB OTMEYAJIMCh B TOYKaX Ha ypoBHE Jjionarok. CiienoBaTenbHO, CEHCOP YCKOPEHHsS ONTHUMAIbHO PasMECTUTh MEXIY CEIbMbIM WIEHHBIM U TPETbUM
IpyAHBIM 103BOHKaMu. lMccienoBaB BO3MOXKHOCTH MHTETPUPOBAHHMS B KYPTKY CBETOM3JIYYAIOLIMX 3JIEMEHTOB, BMECTO 3JIEKTPOIIOMHHECLHUPYIOLIETO M
OIITHYECKOTO MPOBO/Ia OBLIX MCIIOIb30BAHBI JIETKO COEAUHSIEMBIC C TIPOBOIaMH 1 GoJiee sipkue cBetoauoaubie moixocst SMD (surface mount diode) kpacuoro u
xKenToro 1sera. PaspaboTan crocod HHTErPHPOBAHKS B OISKIY CBETOBBIX osoc SMD. B HavanpHOW cTaguu MHTETPHPOBAHMS THOJHBIX MOJIOC MPEAIOIaraeT
CO3[IaHUE TYHHEJIS U3 TeKCTUIIbHBIX MaTepuasioB. HukHel yacTeil iBiseTcss OCHOBHOE MOJIOTHO, @ BEPXHEH - Mpo3payuHas KpacHas, xejras IUIeTeHas WM TKaHas
neHTa. UToObl BBIACHHTH PAaCCEMBAHUE CBETa CKBO3b MaTepUall BEPXHEH 4YacTW TYHHENs, BO BPEMsl HCCIIENOBaHMU OBUIM HCIONB30BaHbI 3 BHIA JICHT C
pa3IMuHBIMU CBOMCTBAMH PACCEUBAHMsI CBETA, @ TAKXKE MEHSAS KOJMYECTBO CJIOEB JIEHT M UX KOMOMHALMIO. BBIICHEHO, 4TO caMoe ONTHMallbHOE pacceMBaHHe
CBETa CO3JA0T 3 CJIOA JICHT, WICHTHYHOTO C JAMOaMH IBera (KpacHbIi CBET 110J KPaCHBIMH JIeHTaMu).(DOpMy pacCessHHOrO CBeTa ONpE/EISIET PAacloNOKEeHNE
HuTeil neHThl. [lon mieTeHol NeHToi paccenBaercs B popMe KBaapaTa, a IoJl TKaHOH — B (popMe Kpyra.
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