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B, LI MBIEAXEK1] &EULVS, ) 121X, HEE L DIz, RODBEIH S,
HH., HERICIE. FRAELT, 5IAXE 1 OBARBICLIARLHBTHS
H&X2013—-5199 335N/ HOEHFE AL,

a [ The invention relates to a system and a method for the
contactless detection and recognition of gestures in a three-
dimensional movement space, which are carried out by movements of at
least one object in the three-dimensional movement space. | (& 1 X—
UE8~1017)

[HER]

TRFEBAIL., SRTBBZEMICEITHILGCEDL 1 DOYMAEDRBEIZL>TE
TEND, SATBERICETAVDIAFrDEEMBRES L UERBEDE=5H
DIURATLEIUVAZEICET 5. |

b [The object of the invention is therefore to provide a method and
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a system for contactless detection and recognition of gestures, which
on the one hand allow a detection and recognition of spatial gestures
and on the other hand are also suitable for theuse in mobile devices
or systems.] (FE2~R—UF11~1617)

EEHN

LA >T. AEBEOBEMIEZ., —ATIE., ZRIPAFryDREE K URH
ZE[REICL. AT, F= EFRTNARAFLFVRATLIZEWTERY
5OICHFETHS. Pt AFYDFEMBRESLURBOAELGZLLIZOR
TLERETESZLETHD, |

c [IlIn a first step 100, by means of anelectrode system an electrical
near-field is generated, which is formed preferably as a quasistatic
alternating electrical field which defines a movement space relative
to a reference surface, for example a screen or a tablet PC. 1 (51 1
R—DE24~2747

EEHN
E1DRATYT100TIE, BEVRATAICE ST, FELLIF, EEKRE.
P, BEERESITLY FPCISHT 2BBEMERNET 2 EHOTRE
HBELTHEEINS., BRUEEENEREIND, |

d [ For the generation of the quasistatic alternating electrical
field, which in the following will be called electrical near-field,
several electrodes distanced among each other may be provided, at
which each time an alternating electrical field is emitted. An
electrical alternating signal supplied to the respective electrodes,
which is provided by one or several generators, is set in such a way
that the electrical alternating fields emitted at the electrodes
jointly may span the movement space around the electrodes relative to
the reference surface.

In the movement space, in a next step 200 deformations of the lines of
force of the electrical alternating field arerecognized, which are
produced for example by movements of at least one object in the
movement space. For example a deformation of the lines of force may
becaused by movements of a finger or several fingers in the movement
space. The deformations of the lines of force may be recognized at the
electrodes, at which the electrical alternating fields are emitted, by
determining a change of the load at the respective generators coupled
with the electrodes. Deformations of the lines of force of the
electrical alternating fields are called in the following deformations
of the electrical near-field. Further embodiments for the generation
of the electrical alternating fields and for recognizing deformations
of the lines of force of the electrical near-field are indicated in
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regard to Fig. 2.

From the recognized deformations in a next step 300 a movement path is
generated, which corresponds to the movement, for example of a finger,
in the movement space. Thus according to the invention also several
movement paths may be generated, if for example several fingers are
moved in the movement space. ] (F12~R—UFE27T7~F13R—JFE2
117)

EEEN

MUT., EREESEFIEN S, ERURRBESOERDI=HIZ. L. Xk
BIEAKREINS, HEICEBI SN -0 OMODEBINREINES, 1DF
FIEWCC OO DRERICE H>TRESIND., TATIOEBICHEIND. B
KRXMEFTIE. BEICEVWTHEINSIBESIRARESGN. HEL T, EBEE
FAICH LT, EBROBREOBIHZMICRUVEBLILIICEESND,
BEBZERTIE, RORXATYT200(281WT., FAlIRIE. BEIZMAODEL &
L1 DODOYARDBHICLE>TEREINE., EXRXREGZDABROERNRHES
nd, FIZIE. DBOERIL. BEBZERAD 1 KOEFIEIHADIEOBEIC
KOTHELED, NEOERIL, EBLERZIN-ETNETNDORERICEITS
BROEILEZRET S LIZEHT, EXXABGEIREEIN S, BEEBITHL
TRHINGED, EXXRBEDONROERIL. LU, EXEEEOER &
End, EXRRESOERS L UVEREESD NROERDORBHEDI-OD
HiEAERBEX, R2ICEELTRINS,

FEIN-ERMIAL, RDATYTI300TIE, HIZIX, BEZEHERNDIEDNH
BIxticd 5. BEBERINERIND, LN >T, RKEBRIZKDE. Fi-.
BIZIE., BMADIELS. BEMERNTEHT 558, LW OO OBHTFERN, &£
BMENFEd, |

e [In the generation of the movement path, each point of the movement
path is assigned a number of movement characteristics, so that from
the movement accomplished in the movement space one or more gestures
may be reliably extracted. Such movement characteristic may be for
example the position of the object, for example the fingertip of a
forefinger relative to the reference surface, the orientation of the
hand or the forefinger relative to the movement space, the speed of
the fingertip, the acceleration of the fingertip or a combination
thereof. As is described in more detail in regard to Figs. 4 to 6,
these movement characteristics may also be used for the determination
of the beginning of a gesture and the end of a gesture of one or
several gestures.| (F14R—UFE23T~F15R—TUF217)

EEHN

RBREBROERICENT., BEBZEHRNTERIABENL, 1 D2ULDOY
IRAFYHAERICHEINGDSLSIC. BEBREBOEZ AL, W OIDBEF
HEAEYHBToND, TOLILEBEFEE. AR BERAICHT L. ¥
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K, FIZIX, ANIELIEDIEADME. BEIZEMIZHT 2FFIETAELIEDE
M., IBEDZEE., IEEDMEE,. TEEFLALDOEAEDHLETHYED, K4
MEO6ICEEL TR YFMICEHRBEAINSLIICT. ShoDBEMFHEITE. 1
DERIFVWCDOMDVIRAFHYD, P RAFYDRBEEIUV I AFrDRT
DREDE=DIZFEASINF D, |

f ['ln one step 400 one or more gestures are extracted from the
generated movement path. According to the invention discrete gestures
and/or continuous gestures may be extracted.
A discrete gesture is characterized by a gesture start, a gesture end
and a movement between a gesture start and a gesture end. A continuous
gesture is characterized by a gesture start and a movement following
the gesture start, whereas a continuous gesture must not necessarily
have a gesture end.
When extracting a gesture from the movement path, at first a gesture
start is determined in the movement path, both for adiscrete gesture
and for a continuous gesture. The gesture start is determined during
the generation of the movement path. As soon as the gesture start has
been determined, a gesture may be extracted, beginning with the
gesture start. Concrete methods for recognizing the gesture start are
described in more detail referring to the Figures 4 to 6.1 (15X
—J % 4~1817)

EEHN
[RFYyT400TlE, 1D2ULEDC T RF M, ERSN-BEREHL S
HENd, AERICKDIHMB O IAFYEIV A/ FLIEERD XA F v H. #
HEnhiFd,
BB I AFviE, DT XFyRB. DT XFYET. BLUP X FvHERA
EDIRFARTEDEDBHICK T, HHEF TS, EREO T AFyIE.
PIARFYABBLUD I AFYHBEROBEIZEL > T, HEA TN LD,
EBHRCIAFrIE, T LE, DT AFAYERTEZHELTUVEITAEELSALD
[+ TIEXAELY,
REREEMNIO DI RAFryHH T 0. RIS, BB I AFYrELVERY
IRAFYOMAIZH LT, BERRIZEWT, Pz XAFYREABIHIRESIND,
DI XAFrERIE. BERBREBROARPIZRESINDS, D XFYREABMNRES
N3ETCIT, Pz RAFYHBERFIC. Dz AFyhHHHEEINESD, O X
FrHRERBTHI-OOEARMAEIL. RI4Nn56ZFSHBELT, & VYHEMIC
REASN D, |

g [With the help of a pattern recognition, the extracted gestures may
be recognized. For the pattern recognition for example Hidden Markov
models, a Viterbi algorithm and/or Bayesian networks may be used.
Another recognition method according to the invention is described in
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more detail in regard to Fig. 7.1 (E15R—CSFE20~2 317)
EEHN

[N —URBBOXEICE ST, MBI XF v, BEINED, N
A—RBBOEHIZ, BIZIE. BATILOATETIL, EAETITURL. B
FUAFRREIRA DT oY FI—ONMEREINED, KFEHBAIZK DR DRHE
AiklE, A7ICEALT. KYEFMICHBASINS, |

h [ For recognizing continuous and discrete gestures, reference
gestures are provided, which are used for a pattern comparison with
the movement path fed by the pattern recognition. Reference gestures
may be gestures which for example are admissible in a certain user
context of a device. If in a user context for example only the input
of determined letters is admissible, the reference gestures include
gestures which are representative for the allowed letters
The pattern comparison may be carried outin such a way that single
segments of the movement path are compared with corresponding partial
gestures of the reference gestures. A partial gesture is a segment of
a reference gesture. If the single segments of the movement path
coincide each time with the partial gestures of a reference gesture
the movement path may be interpreted as a recognized gesture. ] (% 1
6R—UE6~171T)

EEHN

ERE LUV T RAF Y ZRHETH-HIC. BRED I RFrNRESA.
NE—UBHICE DT I — FEN-BERBRED/NI—VHED-HIZER
SNnd, BEEDIXFrIE. HAE. TRNAXRDHD1—H XAk
(usercontext) ICHWVWTHABAETHD. Pt XFYyTHYHB D, 1—FX
RRICEWT, HIRIE. RESNE=XFOAIDH. FBAETHIHE. BE
DIAFyIE, FRESNEXFERT. D XAFvEEL,
NE—U BRI, BEREBEOELOEIT AV D, BED I XFrvORET S
AT RAFrv B EINDESI2. ETEINED, BT X F v,
BEDIZAFYDEITAVITHD, BERKROBELOET A M, A,
BESIZAFYDEAMPIRAF Y E—HTLH5E. BHRRIE, BE I
DIAFrELT, BRENE D, |

i ['The context information assigned to the extraction step 400 may
also include a set of reference gestures, which for example indicates
which gestures are admissible in the context.

This is for example advantageous when a input device expects an input
of numbers. The context information may include in this respect the
digits “0” wuntil ”“9” as reference gestures. A movement of the
forefinger in the movement space which for example would correspond to
the letter “A” can then be recognized by the method according to the
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invention as a not allowed gesture. By using the reference gestures,
which define the gestures allowed in a respective context, the
probability of misinterpretations in the recognizing of gestures can
be considerably decreased. | (F17XR—JF2117~5F18XR—IF 217)
EEHN
MHHR Ty T400I12B|YBTONDXRERIEE. HIZIE. EDPTR
Froh, XARIZCEWTHBRIETHLINETRT. — ROEES I XAF Vv EEH

B3,
hnlE. BIRIE. AATNHNARAD, HEOAAEZFTRT BE. HFTHD, X
IRIEHIEZ. COHRIZBWNT, HECIXFrELT. #HF IOl A T9) %

EHBBH, LEA-T, FIRIE, XFETA] IZHETSTHAS5. BHERKN
DAELIEOBEIEL. REBICEDIAEICEH>T, FESNMTLWEVLWS I RF
Y ELT, BEEINBZIENTES, TRNEFNAOXRIZCEVWTHRE SIS DT
AFYERET D, BEDIXAFvEFEATSHIELICE T, P AFvRE
[CBTDR-EBROEEZKRIBIETIELIENTES, |

i [TFig. 2 typically shows the structure of a system according to the
invention for the contactless detection of movements in a movement
space with four electrodes of an electric sensor system.

In the area of the four edges of a rectangular reference surface B,
which may be for example a display device, each time one electrode is
arranged, which is a component of an electric sensor system. The
electrodes E extend over the total length of the respective edge of
the reference surface B.] (518 RXR—UFE231T7~F19XR—UFE317)
EESEN

M 2E, #BEMIZE, ERKREUYRTLADA4DDEBEHS . BHEHA
DEBDIEEMBEHD-ODEKFERBIZL LDV AT LOEEEZTRT, [0076]
BZIE, TARTLLATNAATHYHBD. EFAREEREBD 4 DDHZDHE
HIZIK., 4. BREVYVRATLOEBRERTHD. 1 DOEBH., BRES
nNd, EMEIE. REREBODINETNDHBEDERICOI->TRET S, EF
EIZIEZENEN. KRESNEHFH N, 4 DOBHINEERXRESIEED
(. BT 0E8EET S, |

k [The movement space may be further subdivided. Inside the movement
space 10 a detection space 20 is defined which is smaller than the
movement space 10. The detection space 20 inside the movement space 10
is the space which is considered during the generation of the movement
path, i.e. only for movements inside the detection space 20 a movement
path is generated. | (FE20R—UFE27HF~FE2 1 R—UF217)

EEHN

BBZERIE S LIS, BREISNES. BEZER 1 ORMAICE. BEZER1 0
KYUMNEL, BHEHZEF2 ONRESND, BEIZEM 1 O NBIDREZER 2 01X,
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BERBOERPIC, ZEESNIZEMTHD. I4Hb, REZER2 ORAID
BT L TOH. BERENERSIND, |

I ['In the following it is described in more detail in regard to
Figs.4 to 6, how according to the invention a gesture start and a
gesture end in the movement path may be determined. In order to feed a
movement detected in the movement space to a pattern recognition, it
is at first necessary to detect at least a gesture start. Basically
also movements which take place before the gesture start could be led
to the pattern recognition, which however would have the disadvantage
that movements before the gesture start could lead to a defective
gesture recognition if the pattern recognition is not designed for
leaving unconsidered movements not belonging to a gesture. For the
case that a complete gesture of the pattern recognition is to be
conducted, it is also necessary to detect the gesture end in the
movement path.
During a movement of for example a fingertip in the movement space,
one or several movement characteristics are detected with the help of
the electric sensor electronics in predetermined time intervals, for
example in time intervals of b5ms, and assigned to the corresponding
point of the movement path. The time intervals may be also selected
greater or smaller, which depends on the concrete case of application.
The movement characteristics may be for example:
- position of the fingertip relative to the reference surface, for
example of an input surface of a touch-sensitive display; the position
may be indicated by the X, Y, and/or Z coordinate relative to the
input surface;
- orientation of the finger or the hand relative to the movement
space;
- speed of the movement of the finger;
- acceleration during the movement of the finger;
- and/or a combination thereof. | (F23R—TFE16T7~F24R—-
%£1017)

EEHN

TUTTE. AFRBICR-T, BBRERADOD I AFYyHBELUVIDIRAFY
BTN, EOKSITRESNEDNZDONT, H4rho6CELTKYEEMIC
Wlohd, BEIZEBRN TREINE-BEIZN\I—URBRICTTs—FT 50
2. A, LG e, Pz AF YR ERET ILELNH D, ERMICIEL,
Fl. DT AFYHEBRIICELSBH}L. NF—RHICHL-oIhELH.
LA LAGRE, N2 —2B8N., P XAFVICESILRVEBEEZZELLENLS
[CEREF SN TUOEWNMGES., D XA FYHRAIIOBEIL. FEELVIRAF VR
BICOEARYBLIEVSITHNREZRATHTHAS, NI—RBBOREELDT
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AFANERINDIANEHE, T, BEIRBAOD I XAFrRTERHET D
DEADHD, FIZAE, BBERADEEOBHPIC, 1 2FLENLI2HDH
BFiEN . FTEDREMER. FlZE. 5ms ORHEBRICELNT, EXtUY
BFHHBEOXEICEI > T, RESIh, BHRBROMET HIRICEIVETLND,
FrRlfEfREEE, AROEKFICH LT, LYKRESCFEFIY P OERS
ngd, BEHMHE, HIZIE. UTTHYES,

—HEXRE. HIAFE. 2vFEUYRKTA AT LA DADREICHT HIEED
HE. $ah5, MERF, ARKREIZHTHX. Y. BV E£=EZEEIC
£oT. REN’FL,

—BBERICHT SIEFIEXFOEM

—EDOBBDEE

— OB OREOMNEE

—BrUV/FEENLLDEAEDE
VIAFYRABFTFLERICIAFYRTZRET 5012, o DBERFMED
W ONFELRRENLDEAEHEOVT AN, FRSLGES. |

m [Fig. 5 shows a second threshold value method according to the
invention for determining a gesture start and a gesture end of a
finger movement in a movement space. As movement characteristic the
speed of the fingertip relative to the reference surface is used, in
Fig. 5 being shown the time course of the speed of the finger movement
in X direction.

In the example shown in Fig. 5 also the speed course of the fingertip
in X direction is evaluated as a feature for the gesture start or the
gesture end, wherein exceeding a predetermined speed (threshold value)
defines the gesture start and falling below of the predetermined
threshold value defines the gesture end. Like according to the
threshold value method according to Fig. 4, also here the point 50a of
the movement path 50 may be assigned a gesture start mark and the
point 50b may be assigned a gesture end mark. The movement path
between gesture end and gesture start may be fed again to a pattern
recognition.] (26 R—TFE12~2517)

EEHN

M5(%,. BHALEEHNDIEOBEDS T AFYRBELUVUP I RF Y RTER
ETE-ODRRERICLLFE2DRMEEEZRY, BEfHEE LT, EEXRETIC
T DIEEDRENMERA SN, B5TIE., XAMIZHITHIEOBREDRED
BOHERNREIND,
RS5ITRENDERBITIE. £z, XARIZEITHIEEDEREDHBZA., O
AFYRABEFELEFIDIAFYrRTORHEE LT, dHEich. FIEDEE (FfE)
HBF, SzXAFrBEREL. TIEDOBREREE. P AFYETZEZRE
T5, BRI, R4ICKBBEEEICK-T, £z, 2ZTH, BHRKS50D
m50alf, VI RAFrRAEY—IMNEIYETON, R50blF. Pz XF¥
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BTI—IDEYETOENED, PIRFARTECIAFrHBEDOEDTE
BREE, BU, N2 —B#ICTs—FEhiES, |

n Fig. 6 shows the temporal lapses of the distances between a
sensor electrode and the fingertip of a moving finger in a sensor
system with four sensor electrodes. For example the course 60a
corresponds to the time course of the distance of a fingertip relative
to a first sensor electrode. Also here a threshold value is defined,
and exceeding or falling below it determines the beginning of a
gesture or the end of a gesture. According to the invention a gesture
start appears when at least one of the four lapses shown in Fig. 6
falls below the preset threshold value. Therefore a gesture end may
exist when all four |lapses have again exceeded the corresponding
threshold value.] (28~XR—TUFE14~2217)

EEHN

[E6lE. 42D HEBZEHS VY VRATLIZE TS Y EEBLEBE
T HHEDIEELDOEOEMOIFREZEBRAETRT ., HlRE. #HB60alk. F10D
Y EBICHT HIEADEMOBFROHRIZHIET S, £, Z 2Tk, E
Et, HESN, TOBEFLEIREX, Pz AFYDRHEBERIIDIRAF v
DT ZHERET Do AFEHAIZLDE, D XFvERIE, BI6ITREND 4D
DREBDH>EDOLLEL<EL 1 DD, BEBERELLGLHEF. Bhd, Lizh-
T. Dz RAFATIE. £400F8H. BU. XIicT HEERBRLE 5.
FELES, |

o [Fig. 11 shows an example of a gesture which is extracted from two
different movement paths (two finger gestures). In the movement space
a first movement with the forefinger of the hand HI is carried out.
With the forefinger of the second hand H2 a second movement is carried
out in the movement space. From both movements each time a
firstmovement path BP1 and another movement path BP2 are generated
From each of the two movement paths a gesture is then extracted, which
may be interpreted as partial gestures of a composed gesture. If in
the extraction of the partial gestures or in the recognizing of the
partial gestures the Z coordinate is not taken in consideration, each
of both partial gestures represents a segment of acircle, as appears
in Fig. 11. The total gestures resulting from the two partial gestures
correspond thus to a circle. If two partial gestures are components of
a composed gesture or not, this for example can be made dependent of
the distance of the gesture start of a first gesture from the gesture
end of the second gesture. If the distance is below a predefined
threshold, the partial gestures compose a total gesture.If the value
does not fall below the threshold, the two partial gestures are
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interpreted as separated gestures. ] (53 8R—IUHE2 I T~FE I3 9R—
TE91T)

[HEER]

X111, 2700ELIBERE (2DODEOCIRAF¥) hoHIn5.,
CIAFYDEEFZETRT ., BEEHATIE. FHI1IDOAEBLEBIZLKIZE1TOD
BINETIND, E2OFH2OAFELIEICEK->T, E208EH. BEZE
FIATETIND, MADBING., &2, F10OBRHREBP 1 5LURD
BEREBP2A, EHEN D, T, 2D0DBEREBOETNEANS, &
BUVIRARFYDEAHUDIRAF v ELTHEBRINED, D XAFvhA, #HiHS
nNd, BB T AFYOHEELIEIHMOHUD A F Yy DRBHICHINT, ZE
BA, BESNGVEE. BAOBAMP I RFrEEnthn, B1 128N
LI, AEDEIT AV bERT, LE=A2T, 2D00FSHXF¥h
LbELHVIAFyERKIE. ABICHIET S, 2 DDA T XFvh, &
BUVIRFYDEBRERTHINESMZIDONT, ThiE, HIZIE. F20P
IRFYDOIRFYETHOLDET1DCIRAF YD T AF v RIED R
IECT. IS 522 &EMNTE S, N, ITEDRIMEZ TR SIEE. B
IRFYIE, P XRFYERETRERT D, EN. BEZTERISLGELES. 2D
DEPHC T AFYI(E, PBECIRAFrE LT, BRINED, |

p T
7
4 H2

I (FIg. 11)

( [BFF] LEHP. RAETAXATLAORALICHE-EARAZTODXRD%E
[CHENTWAXF IZ] & TX] OREEHESIND, )

LtE (7)) DalGh Lphi, SIAXE1ICE, ROBMMHUFENZEH L
TW5HDERBDH NS,

(a) SIAXEKICEE SN ZKMIE, FEMD T XAFrOREE L VEHSIE
BT 53D THY (LE (F7) a) . BIZ. EHET NS RIIFBELBHEZER
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HIELEFEEBELI-EDOTHS (L2 (7) b) ., -, RICIEEMT =
AF¥DHEE LT, EOBEBAZETLNATINS (LT (7) d) .
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[ In order to ignore unintentionally movements, for example by a
finger in the movement space, in extracting gestures from the movement
path, a compensation method is proposed, which during the generation
of the movement path (step 300) eliminates those segments from the
movement path which correspond to unintentional movements of the
finger in the movement space. For this purpose for example the speed
and/or the acceleration of the finger in the movement space may be
used, wherein exceeding or falling below a preset speed or a preset
acceleration may be indicative for an unintentional movement of the
finger. By extracting such segments from the movement path also the
recognition degree in the extraction of gestures from the movement
path in the step 400 is increased.] (1 8~RXR—UF12~2117)
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[ Instead of the four stripe-shaped electrodes E shown in Fig. 2, at
the edges of the reference surface B each time one punctiform
electrode may be arranged, which makes possible an improved
recognition of the space coordinates, for example of a fingertip, in
the movement space 10. Also at each edge of the reference surface
there may be several punctiform electrodes in order to even further
increase the recognition precision.] (1 9RXR—UFE5~1017)
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