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A method of sensing motion of a sensing device relative to a
surface, the method including the steps of: optically imaging
a position-coding pattern disposed on or in the surface; inde-
pendently sensing relative position changes of the sensing
device using a motion sensor; generating absolute motion
data by determining a plurality of absolute positions of the
sensing device relative to the surface using the imaged posi-
tion-coding pattern; independently generating relative
motion data using the relative position changes sensed by the
motion sensor; and determining the motion of the sensing
device using the absolute motion data supplemented with the
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METHOD OF SENSING MOTION OF A
SENSING DEVICE RELATIVE TO A SURFACE

FIELD OF INVENTION

[0001] The present invention relates to a method and sys-
tem for sensing a position-coding pattern on a surface. It has
been developed primarily to improve the efficiency and accu-
racy of a motion-sensing device.
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11/763446 6224780 6235212 6280643 6284147 6214244 6071750
6267905 6251298 6258285 6225138 6241904 6299786 6866789
6231773 6190931 6248249 6290862 6241906 6565762 6241905
6451216 6231772 6274056 6290861 6248248 6306671 6331258
6110754 6294101 6416679 6264849 6254793 6245246 6855264
6235211 6491833 6264850 6258284 6312615 6228668 6180427
6171875 6267904 6245247 6315914 7169316 6526658 7210767
11/056146 11/635523 6665094 6450605 6512596 6654144 7125090
6687022 7072076 7092125 7215443 7136195 7077494 6877834
6969139 10/636227 7283280 6912067 7277205 7154637  10/636230
7070251 6851782  10/636211 10/636247 6843545 7079286 7064867
7065247 7027177 7218415 7064873 6954276 7061644 7092127
7059695 10/990382 7177052 7270394 11/124231 7188921 7187469
7196820 11/281445 7283281 7251051 7245399  11/524911 11/640267
11/706297 11/730387 11/737142 11/764729 11/834637 11/853019 11/863239
11/305274 11/305273 11/305275 11/305152 11/305158 11/305008 6231148
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6293658 6614560 6238033 6312070 6238111 6378970 6196739
6270182 6152619 7006143 6876394 6738096 6970186 6287028
6412993 11/033145 11/102845 11/102861 11/248421 11/672878 7204941
7282164 10/815628 11845672 7278727  10/913373 10/913374 10/913372
7138391 7153956  10/913380 10/913379 10/913376 7122076 7148345
11/172816 11/172815 11/172814 11/482990 11/482986 11/482985 11/454899
11/583942 11/592990 11849360 11/831961 11/831962 11/831963 60951700
11/832629 11/832637 60971535 10/407212 7252366  10/683064 10/683041
7275811 10/884889 10/922890 10/922875 10/922885 10/922889 10/922884
10/922879 10/922887 10/922888 10/922874 7234795  10/922871 10/922880
7293855 10/922882 10/922883 10/922878 10/922872 10/922876 10/922886
10/922877 7147792 7175774 11/159193 11/491378 11766713 11/841647
11/482980 11/563684 11/482967 11/482966 11/482988 11/482989 11/293832
11/293838 11/293825 11/293841 11/293799 11/293796 11/293797 11/293798
11/124158 11/124196 11/124199 11/124162 11/124202 11/124197 11/124154
11/124198 7284921  11/124151 11/124160 11/124192 11/124175 11/124163
11/124149 11/124152 11/124173 11/124155 7236271  11/124174 11/124194
11/124164 11/124200 11/124195 11/124166 11/124150 11/124172 11/124165
11/124186 11/124185 11/124184 11/124182 11/124201 11/124171 11/124181
11/124161 11/124156 11/124191 11/124159 11/124176 11/124188 11/124170
11/124187 11/124189 11/124190 11/124180 11/124193 11/124183 11/124178
11/124177 11/124148 11/124168 11/124167 11/124179 11/124169 11/187976
11/188011 11/188014 11/482979 11/735490 11/853018 11/944450 11/228540
11/228500 11/228501 11/228530 11/228490 11/228531 11/228504 11/228533
11/228502 11/228507 11/228482 11/228505 11/228497 11/228487 11/228529
11/228484 11/228489 11/228518 11/228536 11/228496 11/228488 11/228506
11/228516 11/228526 11/228539 11/228538 11/228524 11/228523 11/228519
11/228528 11/228527 11/228525 11/228520 11/228498 11/228511 11/228522
11/228515 11/228537 11/228534 11/228491 11/228499 11/228509 11/228492
11/228493 11/228510 11/228508 11/228512 11/228514 11/228494 11/228495
11/228486 11/228481 11/228477 11/228485 11/228483 11/228521 11/228517
11/228532 11/228513 11/228503 11/228480 11/228535 11/228478 11/228479
6238115 6386535 6398344 6612240 6752549 6805049 6971313
6899480 6860664 6925935 6966636 7024995 7284852 6926455
7056038 6869172 7021843 6988845 6964533 6981809 7284822
7258067 11/155544 7222941 7284925 7278795 7249904  11/737726
11772240 11/863246 11/863145 11/865650 6087638 6340222 6041600
6299300 6067797 6286935 6044646 6382769 6787051 6938990
11/242916 11/144799 11/198235 11861282 11861284 11/766052 7152972
11/592996 D529952 6390605 6322195 6612110 6480089 6460778
6305788 6426014 6364453 6457795 6315399 6338548 7040736
6938992 6994425 6863379 6540319 6994421 6984019 7008043
6997544 6328431 6991310 10/965772 7140723 6328425 6982184
7267423 7134741 7066577 7152945 11/038200 7021744 6991320
7155911 11/107799 6595624 7152943 7125103 11/209709 7290857
7285437 7229151  11/330058 7237873 11/329163 11/442180 11/450431
7213907 6417757  11/482951 11/545566 11/583826 11/604315 11/604323
11/643845 11/706950 11/730399 11749121 11/753549 11/834630 11/935389
11/869670 7095309  11/945157 11957473 11967235 6854825 6623106
6672707 6575561 6817700 6588885 7075677 6428139 6575549
6846692 6425971 7063993 6383833 6955414 6412908 6746105
6953236 6412904 7128388 6398343 6652071 6793323 6659590
6676245 7201460 6464332 6659593 6478406 6978613 6439693
6502306 6966111 6863369 6428142 6874868 6390591 6799828
6896358 7018016  10/296534 6328417 6322194 6382779 6629745
6565193 6609786 6609787 6439908 6684503 6843551 6764166
6561617 10/510092 6557970 6546628  10/510098 6652074 6820968
7175260 6682174 7303262 6648453 6834932 6682176 6998062
6767077 7278717 6755509 10/534813 6692108  10/534811 6672709
7303263 7086718  10/534881 6672710  10/534812 6669334  10/534804
7152958 7281782 6824246 7264336 6669333 10/534815 6820967
7306326 6736489 7264335 6719406 7222943 7188419 7168166
6974209 7086719 6974210 7195338 7252775 7101025  11/474281
11/485258 11/706304 11/706324 11/706326 11/706321 11/772239 11/782598
11/829941 11/852991 11852986 11/936062 11/934027 11955028 11/763440
11/763442 11/246687 11/246718 11/246685 11/246686 11/246703 11/246691
11/246711 11/246690 11/246712 11/246717 11/246709 11/246700 11/246701
11/246702 11/246668 11/246697 11/246698 11/246699 11/246675 11/246674
11/246667 11/829957 11/829960 11/829961 11/829962 11/829963 11/829966
11/829967 11/829968 11/829969 11946839 11946838 11946837 11951230
7156508 7159972 7083271 7165834 7080894 7201469 7090336
7156489 10/760233 10/760246 7083257 7258422 7255423 7219980
10/760253 10/760255 10/760209 7118192  10/760194 10/760238 7077505
7198354 7077504 10/760189 7198355 10/760232 10/760231 7152959
7213906 7178901 7222938 7108353 7104629  11/446227 11/454904
11/472345 11/474273 7261401 11/474279 11/482939 11/482950 11/499709
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7306324 7306325  11/603824 11/601756 11/601672 7303261  11/653253
11/706328 11/706299 11/706965 11/737080 11/737041 11/778062 11/778566
11/782593 11/934018 11/945157 11951095 11951828 11954906 11954949
11967226 7303930  11/246672 11/246673 11/246683 11/246682 60/939086
11860538 11860539 11/860540 11860541 11860542 11/936060 11877667
11877668 7246886 7128400 7108355 6991322 7287836 7118197
10/728784 10/728783 7077493 6962402  10/728803 7147308  10/728779
7118198 7168790 7172270 7229155 6830318 7195342 7175261
10/773183 7108356 7118202 10/773186 7134744  10/773185 7134743
7182439 7210768  10/773187 7134745 7156484 7118201 7111926
10/773184 7018021  11/060751 11/060805 11/188017 7128402  11/298774
11/329157 11/490041 11/501767 7284839 7246885 7229156  11/505846
11/505857 7293858  11/524908 11/524938 7258427  11/524912 7278716
11/592995 11/603825 11/649773 11/650549 11/653237 11/706378 11/706962
11749118 11/754937 11749120 11/744885 11/779850 11/765439 11/842950
11/839539 11/926121 11/097308 11/097309 7246876  11/097299 11/097310
11/097213 11/210687 11/097212 7147306 7261394  11/764806 11/782595
11965696 11/482953 11/482977 11/544778 11/544779 11/764808 11/756624
11/756625 11/756626 11/756627 11/756628 11/756629 11/756630 11/756631
7156289 7178718 7225979 11/712434 11/084796 11/084742 11/084806
09/575197 7079712 6825945 09/575165 6813039 7190474 6987506
6824044 7038797 6980318 6816274 7102772  09/575186 6681045
6678499 6679420 6963845 6976220 6728000 7110126 7173722
6976035 6813558 6766942 6965454 6995859 7088459 6720985
7286113 6922779 6978019 6847883 7131058 7295839  09/607843
09/693690 6959298 6973450 7150404 6965882 7233924  09/575181
09/722174 7175079 7162259 6718061  10/291523 10/291471 7012710
6825956 10/291481 7222098 10/291825 7263508 7031010 6972864
6862105 7009738 6989911 6982807  10/291576 6829387 6714678
6644545 6609653 6651879 10/291555 7293240  10/291592 10/291542
7044363 7004390 6867880 7034953 6987581 7216224  10/291821
7162269 7162222 7290210 7293233 7293234 6850931 6865570
6847961 10/685523 10/685583 7162442  10/685584 7159784  10/804034
10/793933 6889896  10/831232 7174056 6996274 7162088  10/943874
10/943872 10/944044 7259884 10/944043 7167270  10/943877 6986459
10/954170 7181448  10/981626 10/981616 10/981627 7231293 7174329
10/992713 7295922 7200591 11/020106 11/020260 11/020321 11/020319
11/026045 11/059696 11/051032 11/059674 11/107944 11/107941 11/082940
11/082815 11/082827 11/082829 6991153 6991154  11/124256 11/123136
11/154676 11/159196 11/182002 11/202251 11/202252 11/202253 11/203200
11/202218 11/206778 11/203424 11/222977 11/228450 11/227239 11/286334
7225402 11/329187 11/349143 11/491225 11/491121 11/442428 11/454902
11/442385 11/478590 7271931 11/520170 11/603057 11/706964 11/739032
11739014 11/834633 11/830848 11/830849 11/839542 11/866394 11/934077
11951874 7068382 7007851 6957921 6457883  10/743671 7044381
11/203205 7094910 7091344 7122685 7038066 7099019 7062651
6789194 6789191  10/900129 7278018  10/913350 10/982975 10/983029
11/331109 6644642 6502614 6622999 6669385 6827116 7011128
10/949307 6549935 6987573 6727996 6591884 6439706 6760119
7295332 7064851 6826547 6290349 6428155 6785016 6831682
6741871 6927871 6980306 6965439 6840606 7036918 6977746
6970264 7068389 7093991 7190491  10/901154 10/932044 10/962412
7177054 10/962552 10/965733 10/965933 10/974742 10/982974 7180609
10/986375 11/107817 7292363 11/149160 11/206756 11/250465 7202959
11/653219 11/706309 11/730389 11/730392 60/953443 11/866387 60974077
6982798 6870966 6822639 6474888 6627870 6724374 6788982
7263270 6788293 6946672 6737591 7091960  09/693514 6792165
7105753 6795593 6980704 6768821 7132612 7041916 6797895
7015901 7289882 7148644 10/778056 10/778058 10/778060 10/778059
10/778063 10/778062 10/778061 10/778057 7096199 7286887  10/917467
10/917466 10/917465 7218978 7245294 7277085 7187370  10/917436
10/943856 10/919379 7019319 10/943878 10/943849 7043096 7148499
11/144840 11/155556 11/155557 11/193481 11/193435 11/193482 11/193479
11/255941 11/281671 11/298474 7245760  11/488832 11/495814 11/495823
11/495822 11/495821 11/495820 11/653242 11/754370 60911260 11/829936
11/839494 11866305 11866313 11866324 11866336 11866348 11866359
11970951 7055739 7233320 6830196 6832717 7182247 7120853
7082562 6843420  10/291718 6789731 7057608 6766944 6766945
7289103 10/291559 7299969 7264173 10/409864 7108192  10/537159
7111791 7077333 6983878 10/786631 7134598  10/893372 6929186
6994264 7017826 7014123 7134601 7150396  10/971146 7017823
7025276 7284701 7080780 11/074802 11/442366 11749158 11/842948
10/492169 10/492152 10/492168 10/492161 7308148  10/502575 10/531229
10/683151 10/531733 10/683040 10/510391 10/919260 10/510392 10/778090
11/944404 11/936638 6957768 09/575172 7170499 7106888 7123239
6982701 6982703 7227527 6786397 6947027 6975299 7139431
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7048178 7118025 6839053 7015900 7010147 7133557 6914593
10/291546 6938826 7278566 7123245 6992662 7190346  11/074800
11/074782 11/074777 11/075917 7221781  11/102843 7213756  11/188016
7180507 7263225 7287688 11/737094 11/753570 11/782596 11/865711
11856061 11856062 11856064 11856066 11/672522 11/672950 11/672947
11/672891 11/672954 11/672533 11754310 11/754321 11/754320 11/754319
11/754318 11/754317 11/754316 11/754315 11/754314 11/754313 11/754312
11/754311 6593166 7132679 6940088 7119357 7307272 6755513
6974204 6409323 7055930 6281912 6893109 6604810 6824242
6318920 7210867 6488422 6655786 6457810 6485135 6796731
6904678 6641253 7125106 6786658 7097273 6824245 7222947
6918649 6860581 6929351 7063404 6969150 7004652 6871938
6905194 6846059 6997626 10/974881 7029098 6966625 7114794
7207646 7077496 7284831 11/072529 7152938 7182434 7182430
11/102842 7032993 11/155513 11/155545 11/144813 7172266 7258430
7128392 7210866  11/488066 11/505933 11/540727 11/635480 11/707946
11/706303 11/709084 11/730776 11/744143 11/779845 11/782589 11/863256
11/940302 11/940235 11955359 11/066161 11/066160 11/066159 11/066158
7287831 11/875936 6804030 6807315 6771811 6683996 7271936
7304771 6965691 7058219 7289681 7187807 7181063  11/338783
11/603823 11/650536 10/727181 10/727162 10/727163 10/727245 7121639
7165824 7152942 10/727157 7181572 7096137 7302592 7278034
7188282 10/727159 10/727180 10/727179 10/727192 10/727274 10/727164
10/727161 10/727198 10/727158 10/754536 10/754938 10/727227 10/727160
10/934720 7171323 7278697 11/442131 11/474278 11/488853 11/488841
11749750 11749749 11955127 11951213 10/296522 6795215 7070098
7154638 6805419 6859289 6977751 6398332 6394573 6622923
6747760 6921144  10/884881 7092112 7192106  11/039866 7173739
6986560 7008033  11/148237 7222780 7270391 7150510  11/478599
11/499749 11/521388 11/738518 11/482981 11/743662 11/743661 11/743659
11/743655 11/743657 11/752900 11926109 11927163 11929567 7195328
7182422 11/650537 11/712540 10/854521 10/854522 10/854488 7281330
10/854503 10/854504 10/854509 7188928 7093989  10/854497 10/854495
10/854498 10/854511 10/854512 10/854525 10/854526 10/854516 7252353
10/854515 7267417  10/854505 10/854493 7275805 7314261  10/854490
7281777 7290852  10/854528 10/854523 10/854527 10/854524 10/854520
10/854514 10/854519 10/854513 10/854499 10/854501 7266661 7243193
10/854518 10/854517 10/934628 7163345  11/499803 11/601757 11/706295
11/735881 11748483 11749123 11/766061 11775135 11772235 11/778569
11/829942 11/870342 11/935274 11/937239 11961907 11961940 11961961
11/014731 D529081  D541848 D528597 6924907 6712452 6416160
6238043 6958826 6812972 6553459 6967741 6956669 6903766
6804026 7259889 6975429 10/636234 10/636233 7301567  10/636216
7274485 7139084 7173735 7068394 7286182 7086644 7250977
7146281 7023567 7136183 7083254 6796651 7061643 7057758
6894810 6995871 7085010 7092126 7123382 7061650  10/853143
6986573 6974212 7307756 7173737  10/954168 7246868  11/065357
7137699 11/107798 7148994 7077497  11/176372 7248376  11/225158
11/225154 7173729  11/442132 11/478607 11/503085 11/545502 11/583943
11/585946 11/653239 11/653238 11/764781 11/764782 11/779884 11845666
11/872637 11/944401 11/940215 11/544764 11/544765 11/544772 11/544773
11/544774 11/544775 11/544776 11/544766 11/544767 11/544771 11/544770
11/544769 11/544777 11/544768 11/544763 11/293804 11/293840 11/293803
11/293833 11/293834 11/293835 11/293836 11/293837 11/293792 11/293794
11/293839 11/293826 11/293829 11/293830 11/293827 11/293828 7270494
11/293823 11/293824 11/293831 11/293815 11/293819 11/293818 11/293817
11/293816 11/838875 11/482978 11/640356 11/640357 11/640358 11/640359
11/640360 11/640355 11/679786 11/872714 10/760254 10/760210 10/760202
7201468 10/760198 10/760249 7234802 7303255 7287846 7156511
10/760264 7258432 7097291 10/760222 10/760248 7083273  10/760192
10/760203 10/760204 10/760205 10/760206 10/760267 10/760270 7198352
10/760271 7303251 7201470 7121655 7293861 7232208  10/760186
10/760261 7083272 7261400 11/474272 11/474315 7311387  11/583874
7303258 11/706322 11/706968 11/749119 11749157 11779848 11/782590
11/855152 11855151 11/870327 11/934780 11/935992 11951193 11/014764
11/014763 11/014748 11/014747 11/014761 11/014760 11/014757 7303252
7249822 11/014762 11/014724 11/014723 11/014756 11/014736 11/014759
11/014758 11/014725 11/014739 11/014738 11/014737 11/014726 11/014745
11/014712 7270405 7303268 11/014735 11/014734 11/014719 11/014750
11/014749 7249833 11/758640 11/775143 11/838877 11944453 11/944633
11955065 11/014769 11/014729 11/014743 11/014733 7300140  11/014755
11/014765 11/014766 11/014740 7284816 7284845 7255430  11/014744
11/014741 11/014768 11/014767 11/014718 11/014717 11/014716 11/014732
11/014742 11/097268 11/097185 11/097184 11/778567 11852958 11852907
11/872038 11955093 11961578 11/293820 11/293813 11/293822 11/293812
11/293821 11/293814 11/293793 11/293842 11/293811 11/293807 11/293806
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11/293805 11/293810 11/688863 11/688864 11/688865 11/688866 11/688867
11/688868 11/688869 11/688871 11/688872 11/688873 11/741766 11/482982
11/482983 11/482984 11/495818 11/495819 11/677049 11/677050 11/677051
11872719 11872718 11/014722 11/934781 D528156  10/760180 7111935
10/760213 10/760219 10/760237 7261482  10/760220 7002664  10/760252
10/760265 7088420  11/446233 11/503083 11/503081 11/516487 11/599312
6364451 6533390 6454378 7224478 6559969 6896362 7057760
6982799 11/202107 11/743672 11744126 11/743673 7093494 7143652
7089797 7159467 7234357 7124643 7121145 7089790 7194901
6968744 7089798 7240560 7137302 11/442177 7171855 7260995
7260993 7165460 7222538 7258019  11/543047 7258020  11/604324
11/642520 11/706305 11/707056 11744211 11/767526 11/779846 11/764227
11/829943 11/829944 6454482 6808330 6527365 6474773 6550997
7093923 6957923 7131724 10/949288 7168867 7125098  11/706966
11/185722 7249901 7188930 11/014728 11/014727 D536031 D531214
7237888 7168654 7201272 6991098 7217051 6944970  10/760215
7108434 10/760257 7210407 7186042  10/760266 6920704 7217049
10/760214 10/760260 7147102 7287828 7249838  10/760241 10/962413
10/962427 7261477 7225739 10/962402 10/962425 10/962428 7191978
10/962426 10/962409 10/962417 10/962403 7163287 7258415  10/962523
7258424 10/962410 7195412 7207670 7270401 7220072  11/474267
11/544547 11/585925 11/593000 11/706298 11/706296 11/706327 11/730760
11/730407 11/730787 11/735977 11/736527 11/753566 11/754359 11/778061
11/765398 11/778556 11/829937 11/780470 11/866399 11/223262 11/223018
11/223114 11955366 11/223022 11/223021 11/223020 11/223019 11/014730
D541849 29/279123 6716666 6949217 6750083 7014451 6777259
6923524 6557978 6991207 6766998 6967354 6759723 6870259
10/853270 6925875  10/898214 7095109 7145696  10/976081 7193482
7134739 7222939 7164501 7118186 7201523 7226159 7249839
7108343 7154626 7079292 10/980184 7233421 7063408  10/983082
10/982804 7032996  10/982834 10/982833 10/982817 7217046 6948870
7195336 7070257  10/986813 10/986785 7093922 6988789  10/986788
7246871 10/992748 10/992747 7187468  10/992828 7196814  10/992754
7268911 7265869 7128384 7164505 7284805 7025434 7298519
7280244 7206098 7265877 7193743 7168777  11/006734 7195329
7198346 7281786  11/013363 11/013881 6959983 7128386 7097104
11/013636 7083261 7070258 7083275 7110139 6994419 6935725
11/026046 7178892 7219429 6988784  11/026135 7289156  11/064005
7284976 7178903 7273274 7083256  11/064008 7278707  11/064013
6974206 11/064004 7066588 7222940  11/075918 7018025 7221867
7290863 7188938 7021742 7083262 7192119  11/083021 7036912
7175256 7182441 7083258 7114796 7147302  11/084757 7219982
7118195 7229153 6991318 7108346  11/248429 11/239031 7178899
7066579 11/281419 11/298633 11/329188 11/329140 7270397 7258425
7237874 7152961  11/478592 7207658  11/484744 7311257 7207659
11/525857 11/540569 11/583869 11/592985 11/585947 7306307  11/604316
11/604309 11/604303 11/643844 11/650553 11/655940 11/653320 7278713
11/706381 11/706323 11/706963 11/713660 7290853  11/696186 11/730390
11/737139 11/737749 11/740273 11749122 11/754361 11766043 11/764775
11/768872 11/775156 11/779271 11/779272 11/829938 11/839502 11858852
11/862188 11859790 11/872618 11/923651 11950255 11930001 11955362
11965718 6485123 6425657 6488358 7021746 6712986 6981757
6505912 6439694 6364461 6378990 6425658 6488361 6814429
6471336 6457813 6540331 6454396 6464325 6443559 6435664
6412914 6488360 6550896 6439695 6447100  09/900160 6488359
6637873 10/485738 6618117 10/485737 6803989 7234801 7044589
7163273 6416154 6547364 10/485744 6644771 7152939 6565181
10/485805 6857719 7255414 6702417 7284843 6918654 7070265
6616271 6652078 6503408 6607263 7111924 6623108 6698867
6488362 6625874 6921153 7198356 6536874 6425651 6435667
10/509997 6527374  10/510154 6582059  10/510152 6513908 7246883
6540332 6547368 7070256 6508546  10/510151 6679584  10/510000
6857724 10/509998 6652052 10/509999 6672706  10/510096 6688719
6712924 6588886 7077508 7207654 6935724 6927786 6988787
6899415 6672708 6644767 6874866 6830316 6994420 6954254
7086720 7240992 7267424 7128397 7084951 7156496 7066578
7101023 11/165027 11/202235 11/225157 7159965 7255424  11/349519
7137686 7201472 7287829 11/504602 7216957  11/520572 11/583858
11/583895 11/585976 11/635488 7278712 11/706952 11/706307 7287827
11944451 11/740287 11/754367 11/758643 11/778572 11859791 11/863260
11/874178 11/936064 11951983 6916082 6786570  10/753478 6848780
6966633 7179395 6969153 6979075 7132056 6832828 6860590
6905620 6786574 6824252 7097282 6997545 6971734 6918652
6978990 6863105  10/780624 7194629  10/791792 6890059 6988785
6830315 7246881 7125102 7028474 7066575 6986202 7044584
7210762 7032992 7140720 7207656 7285170  11/048748 7008041
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7
-continued
7011390 7048868 7014785 7131717 7284826  11/176158 7182436
7104631 7240993 7290859 11/202217 7172265 7284837 7066573
11/298635 7152949  11/442161  11/442133 11/442126 7156492  11/478588
11/505848 7287834  11/525861  11/583939 11/545504 7284326  11/635485
11/730391  11/730788 11/749148  11/749149 11/749152 11/749151 11/759886
11/865668  11/874168 11/874203 11965722 6824257 7270475 6971811
6878564 6921145 6890052 7021747 6929345 6811242 6916087
6905195 6899416 6883906 6955428 7284834 6932459 6962410
7033008 6962409 7013641 7204580 7032997 6998278 7004563
6910755 6969142 6938994 7188935 10/959049 7134740 6997537
7004567 6916091 7077588 6918707 6923583 6953295 6921221
7001008 7168167 7210759 11/008115 11/011120 11/012329 6988790
7192120 7168789 7004577 7052120 11/123007 6994426 7258418
7014298 11/124348 11/177394 7152955 7097292 7207657 7152944
7147303 11/209712 7134608 7264333 7093921 7077590 7147297
11/239029  11/248832 11/248428  11/248434 7077507 7172672 7175776
7086717 7101020  11/329155 7201466  11/330057 7152967 7182431
7210666 7252367 7287837 11/485255 11/525860 6945630 7018294
6910014 6659447 6648321 7082980 6672584 7073551 6830395
7289727 7001011 6880922 6886915 6644787 6641255 7066580
6652082 7284833 6666544 6666543 6669332 6984023 6733104
6644793 6723575 6953235 6663225 7076872 7059706 7185971
7090335 6854827 6793974 10/636258 7222929 6739701 7073881
7155823 7219427 7008503 6783216 6883890 6857726  10/636274
6641256 6808253 6827428 6802587 6997534 6959982 6959981
6886917 6969473 6827425 7007859 6802594 6792754 6860107
6786043 6863378 7052114 7001007 10/729151 10/729157 6948794
6805435 6733116 10/683006 7008046 6880918 7066574 6983595
6923527 7275800 7163276 7156495 6976751 6994430 7014296
7059704 7160743 7175775 7287839 7097283 7140722  11/123009
11/123008 7080893 7093920 7270492 7128093 7052113 7055934
1155627 7278796  11/159197 7083263 7145592 7025436  11/281444
7258421 11/478591 11/478735 7226147  11/482940 7195339  11/503061
11/505938 7284838 7293856 11/544577 11/540576 11/585964 11/592991
11/599342  11/600803 11/604321  11/604302 11/635535 11/635486 11/643842
11/655987  11/650541 11/706301  11/707039 11/730388 11/730786 11/730785
11/739080  11/764746 11/768875  11/779847 11/829940 11847240 11/834625
11/863210  11/865680 11/874156  11/923602 11951940 11954988 11961662
7067067 6776476 6880914 7086709 6783217 7147791 6929352
7144095 6820974 6918647 6984016 7192125 6824251 6834939
6840600 6786573 7144519 6799835 6959975 6959974 7021740
6935718 6938983 6938991 7226145 7140719 6988788 7022250
6929350 7011393 7004566 7175097 6948799 7143944 7310157
7029100 6957811 7073724 7055933 7077490 7055940  10/991402
7234645 7032999 7066576 7229150 7086728 7246879 7284825
7140718 7284817 7144098 7044577 7284824 7284827 7189334
7055935 7152860  11/203188  11/203173 11/202343 7213989  11/225156
11/225173 7300141 7114868 7168796 7159967  11/272425 7152805
11/298530 11330061 7133799 11/330054 11/329284 7152956 7128399
7147305 7287702 11/442160 7246884 7152960 11442125 11/454901
11/442134  11/450441 11474274  11/499741 7270399 6857728 6857729
6857730 6989292 7126216 6977189 6982189 7173332 7026176
6979599 6812062 6886751 10/804057 10/804036 7001793 6866369
6946743 10/804048 6886918 7059720 10/846561 10/846562 10/846647
10/846649  10/846627 6951390 6981765 6789881 6802592 7029097
6799836 7048352 7182267 7025279 6857571 6817539 6830198
6992791 7038809 6980323 7148992 7139091 6947173 7101034
6969144 6942319 6827427 6984021 6984022 6869167 6918542
7007852 6899420 6918665 6997625 6988840 6984080 6845978
6848687 6840512 6863365 7204582 6921150 7128396 6913347
7008819 6935736 6991317 7284836 7055947 7093928 7100834
7270396 7187086 7290856 7032825 7086721 7159968 7010456
7147307 7111925 11/144812 7229154  11/505849 11/520570 11/520575
11/546437  11/540575 11/583937 7278711 7290720  11/592207 11/635489
11/604319  11/635490 11/635525 7287706  11/706366 11/706310 11/706308
11/785108  11/744214 11744218 11748485 11/748490 11/764778 11/766025
11/834635 11839541 11860420  11/865693 11/863118 11/866307 11/866340
11/869684  11/869722 11/869694  11/876592 11/945244 11951121 11/945238
11955358 11965710 11962050
BACKGROUND printed thereon, which is read by an optical sensing device

[0006] The Applicant has previously described a method of when the user interacts with the substrate using the sensing

enabling users to access information from a computer system
via a printed substrate e.g. paper. The substrate has coded data

device. A computer receives interaction data from the sensing
device and uses this data to determine what action is being
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requested by the user. For example, a user may make hand-
written input onto a form or make a selection gesture around
a printed item. This input is interpreted by the computer
system with reference to a page description corresponding to
the printed substrate.

[0007] It would be desirable to improve the efficiency and
accuracy of motion sensing by the sensing device. Efficiency
improvements enable the sensing device to consume less
power and increase its lifetime between charges or battery
replacement. Accuracy improvements are desirable at, for
example, high sampling rates when the sensing device may be
unable to capture sufficient number of images of the coded
data due to inherent limitations in its design.

SUMMARY OF INVENTION

[0008] In a first aspect the present invention provides a
method of sensing motion of a sensing device relative to a
surface, the method including the steps of:

[0009] optically imaging a position-coding pattern dis-
posed on or in the surface;

[0010] independently sensing relative position changes of
the sensing device using a motion sensor;

[0011] generating absolute motion data by determining a
plurality of absolute positions of the sensing device relative to
the surface using the imaged position-coding pattern;

[0012] independently generating relative motion data using
the relative position changes sensed by the motion sensor; and
[0013] determining the motion of the sensing device using
the absolute motion data supplemented with the relative
motion data.

Optionally, an extent to which the relative motion data
supplements the absolute motion data is dependent on at least
one of:

[0014] a sampling rate of imaging the position-coding
pattern;
[0015] a speed of movement of the sensing device rela-

tive to the surface; and power-saving criteria for the

sensing device.
Optionally, the motion sensor is selected from any one of the
group comprising: at least one accelerometer; a mechanical
mouse; an optical mouse; and a point interferometry device.
Optionally, said motion sensor is an optical mouse utilizing at
least one of: a pattern-based optical mouse technique; a tex-
ture-based optical mouse technique; and a laser-speckle-
based optical mouse technique.
Optionally, the absolute motion data comprises a plurality of
sensed absolute positions, the relative motion data comprises
a plurality of sensed relative position changes, and wherein
the method includes the further step of:
[0016] combining the sensed relative position changes with
the sensed absolute positions to generate additional absolute
positions.
Optionally, the combining step comprises at least one of:
[0017] adding the sensed relative position changes to the
sensed absolute positions; and
[0018] substracting the sensed relative position changes
from the sensed absolute positions.
Optionally, neighbouring absolute positions, as sensed over
time, are interleaved with at least one relative position
change.
Optionally, the position-coding pattern is indicative of a plu-
rality of locations on the surface and of an identity of a region.
In a further aspect the method further comprising the step of:
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[0019] determining the identity of the region using the
imaged position-coding pattern.
Optionally, the identity of the region is coincident with an
identity of the surface.
Optionally, the position-coding pattern is comprised of a plu-
rality of tags, each tag identifying the identity of the surface
and a location of the tag on the surface.
In a further aspect the method further comprising the step of:
[0020] transmitting data indicative of the motion of the
sensing device to a computer system, thereby enabling the
computer system to interpret said motion and initiate an
action corresponding to said motion.
In a second aspect the present invention provides a sensing
device configured for determining its own motion relative to
a surface, said sensing device comprising:
[0021] a first motion sensor comprising:
[0022] an image sensor for imaging a position-coding
pattern on the surface; and
[0023] a first processor configured for generating abso-
lute motion data by determining a plurality of absolute
positions of the sensing device relative to the surface
using the imaged position-coding pattern;
[0024] a second motion sensor configured for indepen-
dently generating relative motion data by determining one or
more relative position changes of the sensing device; and
[0025] a second processor configured for determining the
motion of the sensing device using the absolute motion data
supplemented with the relative motion data.
Optionally, the first and second processors are the same pro-
Ccessor.
Optionally, the second processor is configured such that an
extent to which the relative motion data supplements the
absolute motion data is dependent on at least one of:

[0026] a sampling rate of imaging the position-coding
pattern;
[0027] aspeed of movement of the sensing device rela-

tive to the surface; and
[0028] power-saving criteria for the sensing device.
Optionally, the second motion sensor is selected from any one
of the group comprising: at least one accelerometer; a
mechanical mouse; an optical mouse; and a point interferom-
etry device.
Optionally, said second motion sensor is an optical mouse
utilizing at least one of: a pattern-based optical mouse tech-
nique; a texture-based optical mouse technique; and a laser-
speckle-based optical mouse technique.
Optionally, said second motion sensor is an optical mouse
comprising the image sensor.
In a further aspect the present invention provides a sensing
device further comprising communication means for trans-
mitting data indicative of the motion of the sensing device to
a computer system, thereby enabling the computer system to
interpret said motion and initiate an action corresponding to
said motion.
In a third aspect the present invention provides a system for
initiating an action corresponding to motion of a sensing
device relative to a surface, said system comprising:
(A) the sensing device comprising:
[0029] a first motion sensor comprising:
[0030] an image sensor for imaging a position-coding
pattern on the surface; and
[0031] a first processor configured for generating abso-
lute motion data by determining a plurality of absolute
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positions of the sensing device relative to the surface
using the imaged position-coding pattern;
[0032] a second motion sensor configured for generating
relative motion data by determining one or more relative
position changes of the sensing device, said second motion
sensor being operatively independent of said first motion
sensor;
[0033] a second processor configured for determining the
motion of the sensing device using the absolute motion data
supplemented with the relative motion data; and
[0034] communication means for communicating data
indicative of the motion of the sensing device to a computer
system; and
(B) the computer system configured for:

[0035] receiving the data indicative of the motion of the
sensing device;

[0036] interpreting said motion; and

[0037] initiating an action corresponding to the motion of

the sensing device.

BRIEF DESCRIPTION OF DRAWINGS

[0038] Preferred and other embodiments of the invention
will now be described, by way of non-limiting example only,
with reference to the accompanying drawings, in which:

[0039] FIG.1shows an embodiment of basic netpage archi-
tecture;
[0040] FIG.2 is a schematic of a the relationship between a

sample printed netpage and its online page description;
[0041] FIG. 3 shows an embodiment of basic netpage archi-
tecture with various alternatives for the relay device;

[0042] FIG. 3A illustrates a collection of netpage servers,
Web terminals, printers and relays interconnected via a net-
work;

[0043] FIG. 4 is a schematic view of a high-level structure
of a printed netpage and its online page description;

[0044] FIG. 5A is a plan view showing a structure of a
netpage tag;
[0045] FIG. 5B is a plan view showing a relationship

between a set of the tags shown in FIG. 5a and a field of view
of a netpage sensing device in the form of a netpage pen;
[0046] FIG. 6A is a plan view showing an alternative struc-
ture of a netpage tag;

[0047] FIG. 6B is a plan view showing a relationship
between a set of the tags shown in FIG. 64 and a field of view
of a netpage sensing device in the form of a netpage pen;
[0048] FIG. 6C is a plan view showing an arrangement of
nine of the tags shown in FIG. 6a where targets are shared
between adjacent tags;

[0049] FIG. 6D is a plan view showing the interleaving and
rotation of the symbols of the four codewords of the tag
shown in FIG. 6a;

[0050] FIG. 7 is a flowchart of a tag image processing and
decoding algorithm;

[0051] FIG. 8 is a perspective view of a netpage pen and its
associated tag-sensing field-of-view cone;

[0052] FIG.9is aperspective exploded view of the netpage
pen shown in FIG. 8;

[0053] FIG. 10 is a schematic block diagram of a pen con-
troller for the netpage pen shown in FIGS. 8 and 9;

[0054] FIG. 11 is a schematic view of a pen class diagram;
[0055] FIG.12is aschematic view of a document and page
description class diagram;

[0056] FIG.13 s aschematic view of a document and page
ownership class diagram; and
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[0057] FIG. 14 is a schematic view of a terminal element
specialization class diagram.

DETAILED DESCRIPTION OF PREFERRED
AND OTHER EMBODIMENTS

[0058] Note: Memjet™ is a trade mark of Silverbrook
Research Pty [.td, Australia.

[0059] In the preferred embodiment, the invention is con-
figured to work with the netpage networked computer system,
a detailed overview of which follows. It will be appreciated
that not every implementation will necessarily embody all or
even most of the specific details and extensions discussed
below in relation to the basic system. However, the system is
described in its most complete form to reduce the need for
external reference when attempting to understand the context
in which the preferred embodiments and aspects of the
present invention operate.

[0060] Inbriefsummary, the preferred form of the netpage
system employs a computer interface in the form of a mapped
surface, that is, a physical surface which contains references
to a map of the surface maintained in a computer system. The
map references can be queried by an appropriate sensing
device. Depending upon the specific implementation, the
map references may be encoded visibly or invisibly, and
defined in such a way that a local query on the mapped surface
yields an unambiguous map reference both within the map
and among different maps. The computer system can contain
information about features on the mapped surface, and such
information can be retrieved based on map references sup-
plied by a sensing device used with the mapped surface. The
information thus retrieved can take the form of actions which
are initiated by the computer system on behalf of the operator
in response to the operator’s interaction with the surface
features.

[0061] In its preferred form, the netpage system relies on
the production of, and human interaction with, netpages.
These are pages of text, graphics and images printed on ordi-
nary paper, but which work like interactive webpages. Infor-
mation is encoded on each page using ink which is substan-
tially invisible to the unaided human eye. The ink, however,
and thereby the coded data, can be sensed by an optically
imaging sensing device and transmitted to the netpage sys-
tem. The sensing device may take the form of a clicker (for
clicking on a specific position on a surface), a pointer having
a stylus (for pointing or gesturing on a surface using pointer
strokes), or a pen having a marking nib (for marking a surface
with ink when pointing, gesturing or writing on the surface).
References herein to “pen” or “netpage pen” are provided by
way of example only. It will, of course, be appreciated that the
pen may take the form of any of the sensing devices described
above.

[0062] In one embodiment, active buttons and hyperlinks
on each page can be clicked with the sensing device to request
information from the network or to signal preferences to a
network server. In one embodiment, text written by hand on a
netpage is automatically recognized and converted to com-
puter text in the netpage system, allowing forms to be filled in.
In other embodiments, signatures recorded on a netpage are
automatically verified, allowing e-commerce transactions to
be securely authorized. In other embodiments, text on a
netpage may be clicked or gestured to initiate a search based
on keywords indicated by the user.

[0063] As illustrated in FIG. 2, a printed netpage 1 can
represent a interactive form which can be filled in by the user



US 2008/0192234 Al

both physically, on the printed page, and “electronically”, via
communication between the pen and the netpage system. The
example shows a “Request” form containing name and
address fields and a submit button. The netpage consists of
graphic data 2 printed using visible ink, and coded data 3
printed as a collection of tags 4 using invisible ink. The
corresponding page description 5, stored on the netpage net-
work, describes the individual elements of the netpage. In
particular it describes the type and spatial extent (zone) of
each interactive element (i.e. text field or button in the
example), to allow the netpage system to correctly interpret
input via the netpage. The submit button 6, for example, has
a zone 7 which corresponds to the spatial extent of the corre-
sponding graphic 8.

[0064] As illustrated in FIGS. 1 and 3, a netpage sensing
device 101, such as the pen shown in FIGS. 8 and 9 and
described in more detail below, works in conjunction with a
netpage relay device 601, which is an Internet-connected
device for home, office or mobile use. The pen is wireless and
communicates securely with the netpage relay device 601 via
a short-range radio link 9. In an alternative embodiment, the
netpage pen 101 utilises a wired connection, such as a USB or
other serial connection, to the relay device 601.

[0065] The relay device 601 performs the basic function of
relaying interaction data to a page server 10, which interprets
the interaction data. As shown in FIG. 3, the relay device 601
may, for example, take the form of a personal computer 601a,
a netpage printer 6015 or some other relay 601c.

[0066] The netpage printer 6015 is able to deliver, periodi-
cally or on demand, personalized newspapers, magazines,
catalogs, brochures and other publications, all printed at high
quality as interactive netpages. Unlike a personal computer,
the netpage printer is an appliance which can be, for example,
wall-mounted adjacent to an area where the morning news is
first consumed, such as in a user’s kitchen, near a breakfast
table, or near the household’s point of departure for the day. It
also comes in tabletop, desktop, portable and miniature ver-
sions. Netpages printed on-demand at their point of consump-
tion combine the ease-of-use of paper with the timeliness and
interactivity of an interactive medium.

[0067] Alternatively, the netpage relay device 601 may be a
portable device, such as a mobile phone or PDA, a laptop or
desktop computer, or an information appliance connected to
a shared display, such as a TV. If the relay device 601 is not a
netpage printer 6015 which prints netpages digitally and on
demand, the netpages may be printed by traditional analog
printing presses, using such techniques as offset lithography,
flexography, screen printing, relief printing and rotogravure,
as well as by digital printing presses, using techniques such as
drop-on-demand inkjet, continuous inkjet, dye transfer, and
laser printing.

[0068] Asshownin FIG. 3, the netpage sensing device 101
interacts with the coded data on a printed netpage 1, or other
printed substrate such as a label of a product item 251, and
communicates, via a short-range radio link 9, the interaction
to the relay 601. The relay 601 sends corresponding interac-
tion data to the relevant netpage page server 10 for interpre-
tation. Raw data received from the sensing device 101 may be
relayed directly to the page server 10 as interaction data.
Alternatively, the interaction data may be encoded in the form
ofaninteraction URI and transmitted to the page server 10 via
a user’s web browser. Of course, the relay device 601 (e.g.
mobile phone) may incorporate a web browser and a display
device.
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[0069] Interpretation of the interaction data by the page
server 10 may result in direct access to information requested
by the user. This information may be sent from the page server
10 to, for example, a user’s display device (e.g. a display
device associated with the relay device 601). The information
sent to the user may be in the form of a webpage constructed
by the page server 10 and the webpage may be constructed
using information from external web services 200 (e.g. search
engines) or local web resources accessible by the page server
10. In some circumstances, the page server 10 may access
application computer software running on a netpage applica-
tion server 13.

[0070] Alternatively, and as shown explicitly in FIG. 1, a
two-step information retrieval process may be employed.
Interaction data is sent from the sensing device 101 to the
relay device 601 in the usual way. The relay device 601 then
sends the interaction data to the page server 10 for interpre-
tation with reference to the relevant page description 5. Then,
the page server 10 forms a request (typically in the form of'a
request URI) and sends this request URI back to the user’s
relay device 601. A web browser running on the relay device
601 then sends the request URI to a netpage web server 201,
which interprets the request. The netpage web server 201 may
interact with local web resources and external web services
200 to interpret the request and construct a webpage. Once the
webpage has been constructed by the netpage web server 201,
it is transmitted to the web browser running on the user’s relay
device 601, which typically displays the webpage. This sys-
tem architecture is particularly useful for performing search-
ing vianetpages, as described in our earlier U.S. patent appli-
cation Ser. No. 11/672,950 filed on Feb. 8, 2007 (the contents
of which is incorporated by reference). For example, the
request URI may encode search query terms, which are
searched via the netpage web server 201.

[0071] The netpage relay device 601 can be configured to
support any number of sensing devices, and a sensing device
can work with any number of netpage relays. In the preferred
implementation, each netpage sensing device 101 has a
unique identifier. This allows each user to maintain a distinct
profile with respect to a netpage page server 10 or application
server 13.

[0072] Digital, on-demand delivery of netpages 1 may be
performed by the netpage printer 6015, which exploits the
growing availability of broadband Internet access. Netpage
publication servers 14 on the netpage network are configured
to deliver print-quality publications to netpage printers. Peri-
odical publications are delivered automatically to subscribing
netpage printers via pointcasting and multicasting Internet
protocols. Personalized publications are filtered and format-
ted according to individual user profiles.

[0073] A netpage pen may be registered with a netpage
registration server 11 and linked to one or more payment card
accounts. This allows e-commerce payments to be securely
authorized using the netpage pen. The netpage registration
server compares the signature captured by the netpage pen
with a previously registered signature, allowing it to authen-
ticate the user’s identity to an e-commerce server. Other bio-
metrics can also be used to veritfy identity. One version of the
netpage pen includes fingerprint scanning, verified in a simi-
lar way by the netpage registration server.

Netpage System Architecture

[0074] Each object model in the system is described using
a Unified Modeling Language (UML) class diagram. A class
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diagram consists of a set of object classes connected by rela-
tionships, and two kinds of relationships are of interest here:
associations and generalizations. An association represents
some kind of relationship between objects, i.e. between
instances of classes. A generalization relates actual classes,
and can be understood in the following way: if a class is
thought of as the set of all objects of that class, and class A is
a generalization of class B, then B is simply a subset of A. The
UML does not directly support second-order modelling—i.e.
classes of classes.

[0075] Each class is drawn as a rectangle labelled with the
name of'the class. It contains a list of the attributes of the class,
separated from the name by a horizontal line, and a list of the
operations of the class, separated from the attribute list by a
horizontal line. In the class diagrams which follow, however,
operations are never modelled.

[0076] Anassociation is drawn as a line joining two classes,
optionally labelled at either end with the multiplicity of the
association. The default multiplicity is one. An asterisk (*)
indicates a multiplicity of “many”, i.e. zero or more. Each
association is optionally labelled with its name, and is also
optionally labelled at either end with the role of the corre-
sponding class. An open diamond indicates an aggregation
association (“is-part-of”), and is drawn at the aggregator end
of the association line.

[0077] A generalization relationship (“is-a”) is drawn as a
solid line joining two classes, with an arrow (in the form of an
open triangle) at the generalization end.

[0078] When a class diagram is broken up into multiple
diagrams, any class which is duplicated is shown with a
dashed outline in all but the main diagram which defines it. It
is shown with attributes only where it is defined.

1 Netpages

[0079] Netpages are the foundation on which a netpage
network is built. They provide a paper-based user interface to
published information and interactive services.

[0080] A netpage consists of a printed page (or other sur-
face region) invisibly tagged with references to an online
description of the page. The online page description is main-
tained persistently by the netpage page server 10. The page
description describes the visible layout and content of the
page, including text, graphics and images. It also describes
the input elements on the page, including buttons, hyperlinks,
and input fields. A netpage allows markings made with a
netpage pen on its surface to be simultaneously captured and
processed by the netpage system.

[0081] Multiple netpages (for example, those printed by
analog printing presses) can share the same page description.
However, to allow input through otherwise identical pages to
be distinguished, each netpage may be assigned a unique page
identifier. This page ID has sufficient precision to distinguish
between a very large number of netpages.

[0082] Each referenceto the page description is encoded in
a printed tag. The tag identifies the unique page on which it
appears, and thereby indirectly identifies the page descrip-
tion. The tag also identifies its own position on the page.
Characteristics of the tags are described in more detail below.
[0083] Tags are typically printed in infrared-absorptive ink
on any substrate which is infrared-reflective, such as ordinary
paper, or in infrared fluorescing ink. Near-infrared wave-
lengths are invisible to the human eye but are easily sensed by
a solid-state image sensor with an appropriate filter.
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[0084] A tag is sensed by a 2D area image sensor in the
netpage sensing device, and the tag data is transmitted to the
netpage system via the nearest netpage relay device. The pen
is wireless and communicates with the netpage relay device
via a short-range radio link. Tags are sufficiently small and
densely arranged that the sensing device can reliably image at
least one tag even on a single click on the page. It is important
that the pen recognize the page ID and position on every
interaction with the page, since the interaction is stateless.
Tags are error-correctably encoded to make them partially
tolerant to surface damage.

[0085] The netpage page server 10 maintains a unique page
instance for each unique printed netpage, allowing it to main-
tain a distinct set of user-supplied values for input fields in the
page description for each printed netpage.

[0086] The relationship between the page description, the
page instance, and the printed netpage is shownin FIG. 4. The
printed netpage may be part of a printed netpage document
45. The page instance may be associated with both the
netpage printer which printed it and, if known, the netpage
user who requested it.

2 Netpage Tags
2.1 Tag Data Content

[0087] Ina preferred form, each tag identifies the region in
which it appears, and the location of that tag within the region
and an orientation of the tag relative to a substrate on which
the tag is printed. A tag may also contain flags which relate to
the region as a whole or to the tag. One or more flag bits may,
for example, signal a tag sensing device to provide feedback
indicative of a function associated with the immediate area of
the tag, without the sensing device having to refer to a
description of the region. A netpage pen may, for example,
illuminate an “active area” LED when in the zone of a hyper-
link.

[0088] As will be more clearly explained below, in a pre-
ferred embodiment, each tag typically contains an easily rec-
ognized invariant structure which aids initial detection, and
which assists in minimizing the effect of any warp induced by
the surface or by the sensing process. The tags preferably tile
the entire page, and are sufficiently small and densely
arranged that the pen can reliably image at least one tag even
on a single click on the page. It is important that the pen
recognize the page ID and position on every interaction with
the page, since the interaction is stateless.

[0089] Inapreferred embodiment, the region to which atag
refers coincides with an entire page, and the region ID
encoded in the tag is therefore synonymous with the page ID
of the page on which the tag appears. In other embodiments,
the region to which a tag refers can be an arbitrary subregion
of'a page or other surface. For example, it can coincide with
the zone of an interactive element in which case the region ID
can directly identify the interactive element.

TABLE 1
Tag data
Field Precision (bits)
Page ID/Region ID 100
Tag ID/x-y coordinates 16
Flags 4
Total 120
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[0090] Each tag contains 120 bits of information, typically
allocated as shown in Table 1. Assuming a maximum tag
density of 64 per square inch, a 16-bittag ID supports aregion
size of up to 1024 square inches. Larger regions can be
mapped continuously without increasing the tag ID precision
simply by using abutting regions and maps. The 100-bit
region ID allows 2'°° (~10°° or a million trillion trillion)
different regions to be uniquely identified.

2.2 Tag Data Encoding

[0091] The 120 bits of tag data are redundantly encoded
using a (15, 5) Reed-Solomon code. This yields 360 encoded
bits consisting of 6 codewords of 15 4-bit symbols each. The
(15, 5) code allows up to 5 symbol errors to be corrected per
codeword, i.e. it is tolerant of a symbol error rate of up to 33%
per codeword.

[0092] Each 4-bit symbol is represented in a spatially
coherent way in the tag, and the symbols of the six codewords
are interleaved spatially within the tag. This ensures that a
burst error (an error affecting multiple spatially adjacent bits)
damages a minimum number of symbols overall and a mini-
mum number of symbols in any one codeword, thus maxi-
mising the likelihood that the burst error can be fully cor-
rected.

[0093] Any suitable error-correcting code can be used in
place of a (15, 5) Reed-Solomon code, for example a Reed-
Solomon code with more or less redundancy, with the same or
different symbol and codeword sizes; another block code; or
adifferent kind of code, such as a convolutional code (see, for
example, Stephen B. Wicker, Error Control Systems for Digi-
tal Communication and Storage, Prentice-Hall 1995, the con-
tents of which a herein incorporated by cross-reference).

2.3 Physical Tag Structure

[0094] The physical representation of the tag, shown in
FIG. 5a, includes fixed target structures 15, 16, 17 and vari-
able data areas 18. The fixed target structures allow a sensing
device such as the netpage pen to detect the tag and infer its
three-dimensional orientation relative to the sensor. The data
areas contain representations of the individual bits of the
encoded tag data.

[0095] To achieve proper tag reproduction, the tag is ren-
dered at a resolution of 256x256 dots. When printed at 1600
dots per inch this yields a tag with a diameter of about 4 mm.
At this resolution the tag is designed to be surrounded by a
“quiet area” of radius 16 dots. Since the quiet area is also
contributed by adjacent tags, it only adds 16 dots to the
effective diameter of the tag.

[0096] The tag may include a plurality of target structures.
A detection ring 15 allows the sensing device to initially
detect the tag. The ring is easy to detect because it is rotation-
ally invariant and because a simple correction of its aspect
ratio removes most of the effects of perspective distortion. An
orientation axis 16 allows the sensing device to determine the
approximate planar orientation of the tag due to the yaw of the
sensor. The orientation axis is skewed to yield a unique ori-
entation. Four perspective targets 17 allow the sensing device
to infer an accurate two-dimensional perspective transform of
the tag and hence an accurate three-dimensional position and
orientation of the tag relative to the sensor.

[0097] All target structures are redundantly large to
improve their immunity to noise.

Aug. 14,2008

[0098] In order to support “single-click” interaction with a
tagged region via a sensing device, the sensing device must be
able to see at least one entire tag in its field of view no matter
where in the region or at what orientation it is positioned. The
required diameter of the field of view of the sensing device is
therefore a function of the size and spacing of the tags.

[0099] Thus, if a tag has a circular shape, the minimum
diameter of the sensor field of view is obtained when the tags
are tiled on a equilateral triangular grid, as shown in FIG. 55.

2.4 Tag Image Processing and Decoding

[0100] The tag image processing and decoding performed
by a sensing device such as the netpage pen is shown in FI1G.
7. While a captured image is being acquired from the image
sensor, the dynamic range of the image is determined (at 20).
The center of the range is then chosen as the binary threshold
for the image 21. The image is then thresholded and seg-
mented into connected pixel regions (i.e. shapes 23) (at 22).
Shapes which are too small to represent tag target structures
are discarded. The size and centroid of each shape is also
computed.

[0101] Binary shape moments 25 are then computed (at 24)
for each shape, and these provide the basis for subsequently
locating target structures. Central shape moments are by their
nature invariant of position, and can be easily made invariant
of scale, aspect ratio and rotation.

[0102] The ring target structure 15 is the first to be located
(at 26). A ring has the advantage of being very well behaved
when perspective-distorted. Matching proceeds by aspect-
normalizing and rotation-normalizing each shape’s moments.
Once its second-order moments are normalized the ring is
easy to recognize even if the perspective distortion was sig-
nificant. The ring’s original aspect and rotation 27 together
provide a useful approximation of the perspective transform.

[0103] The axis target structure 16 is the next to be located
(at 28). Matching proceeds by applying the ring’s normaliza-
tions to each shape’s moments, and rotation-normalizing the
resulting moments. Once its second-order moments are nor-
malized the axis target is easily recognized. Note that one
third order moment is required to disambiguate the two pos-
sible orientations of the axis. The shape is deliberately
skewed to one side to make this possible. Note also that it is
only possible to rotation-normalize the axis target after it has
had the ring’s normalizations applied, since the perspective
distortion can hide the axis target’s axis. The axis target’s
original rotation provides a useful approximation of the tag’s
rotation due to pen yaw 29.

[0104] The four perspective target structures 17 are the last
to be located (at 30). Good estimates of their positions are
computed based on their known spatial relationships to the
ring and axis targets, the aspect and rotation of the ring, and
the rotation of the axis. Matching proceeds by applying the
ring’s normalizations to each shape’s moments. Once their
second-order moments are normalized the circular perspec-
tive targets are easy to recognize, and the target closest to each
estimated position is taken as a match. The original centroids
of the four perspective targets are then taken to be the per-
spective-distorted corners 31 of a square of known size in tag
space, and an eight-degree-of-freedom perspective transform
33 is inferred (at 32) based on solving the well-understood
equations relating the four tag-space and image-space point
pairs (see Heckbert, P., Fundamentals of Texture Mapping
and Image Warping, Masters Thesis, Dept. of EECS, U. of
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California at Berkeley, Technical Report No. UCB/CSD
89/516, June 1989, the contents of which are herein incorpo-
rated by cross-reference).

[0105] The inferred tag-space to image-space perspective
transform is used to project (at 36) each known data bit
position in tag space into image space where the real-valued
position is used to bilinearly interpolate (at 36) the four rel-
evant adjacent pixels in the input image. The previously com-
puted image threshold 21 is used to threshold the result to
produce the final bit value 37.

[0106] Once all 360 data bits 37 have been obtained in this
way, each of the six 60-bit Reed-Solomon codewords is
decoded (at 38) to yield 20 decoded bits 39, or 120 decoded
bits in total. Note that the codeword symbols are sampled in
codeword order, so that codewords are implicitly de-inter-
leaved during the sampling process.

[0107] The ring target 15 is only sought in a subarea of the
image whose relationship to the image guarantees that the
ring, if found, is part of a complete tag. If a complete tag is not
found and successfully decoded, then no pen position is
recorded for the current frame. Given adequate processing
power and ideally a non-minimal field of view 193, an alter-
native strategy involves seeking another tag in the current
image.

[0108] The obtained tag data indicates the identity of the
region containing the tag and the position of the tag within the
region. An accurate position 35 of the pen nib in the region, as
well as the overall orientation 35 of the pen, is then inferred
(at 34) from the perspective transform 33 observed on the tag
and the known spatial relationship between the image sensor
(containing the optical axis of the pen) and the nib (which
typically contains the physical axis of the pen). The image
sensor is usually offset from the nib.

2.5 Alternative Tag Structures

[0109] The tag structure described above is designed to
support the tagging of non-planar surfaces where a regular
tiling of tags may not be possible. In the more usual case of
planar surfaces where a regular tiling of tags is possible, i.e.
surfaces such as sheets of paper and the like, more efficient
tag structures can be used which exploit the regular nature of
the tiling.

[0110] FIG. 6a shows a square tag 4 with four perspective
targets 17. The tag represents sixty 4-bit Reed-Solomon sym-
bols 47, for a total of 240 bits. The tag represents each one bit
as a dot 48, and each zero bit by the absence of the corre-
sponding dot. The perspective targets are designed to be
shared between adjacent tags, as shown in FIGS. 65 and 6c.
FIG. 65 shows asquare tiling of 16 tags and the corresponding
minimum field of view 193, which must span the diagonals of
two tags. FIG. 6¢ shows a square tiling of nine tags, contain-
ing all one bits for illustration purposes.

[0111] Usinga (15, 7) Reed-Solomon code, 112 bits of tag
data are redundantly encoded to produce 240 encoded bits.
The four codewords are interleaved spatially within the tag to
maximize resilience to burst errors. Assuming a 16-bit tag ID
as before, this allows a region ID of up to 92 bits.

[0112] The data-bearing dots 48 of the tag are designed to
not overlap their neighbors, so that groups of tags cannot
produce structures which resemble targets. This also saves
ink. The perspective targets therefore allow detection of the
tag, so further targets are not required. Tag image processing
proceeds as described in section 1.2.4 above, with the excep-
tion that steps 26 and 28 are omitted.
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[0113] Although the tag may contain an orientation feature
to allow disambiguation of the four possible orientations of
the tag relative to the sensor, it is also possible to embed
orientation data in the tag data. For example, the four code-
words can be arranged so that each tag orientation contains
one codeword placed at that orientation, as shown in FIG. 64,
where each symbol is labelled with the number of its code-
word (1-4) and the position of the symbol within the code-
word (A-O). Tag decoding then consists of decoding one
codeword at each orientation. Each codeword can either con-
tain a single bit indicating whether it is the first codeword, or
two bits indicating which codeword it is. The latter approach
has the advantage that if, say, the data content of only one
codeword is required, then at most two codewords need to be
decoded to obtain the desired data. This may be the case if the
region ID is not expected to change within a stroke and is thus
only decoded at the start of a stroke. Within a stroke only the
codeword containing the tag ID is then desired. Furthermore,
since the rotation of the sensing device changes slowly and
predictably within a stroke, only one codeword typically
needs to be decoded per frame.

[0114] It is possible to dispense with perspective targets
altogether and instead rely on the data representation being
self-registering. In this case each bit value (or multi-bit value)
is typically represented by an explicit glyph, i.e. no bit value
is represented by the absence of a glyph. This ensures that the
data grid is well-populated, and thus allows the grid to be
reliably identified and its perspective distortion detected and
subsequently corrected during data sampling. To allow tag
boundaries to be detected, each tag data must contain a
marker pattern, and these must be redundantly encoded to
allow reliable detection. The overhead of such marker pat-
terns is similar to the overhead of explicit perspective targets.
[0115] Additional tag structures are disclosed in U.S. Pat.
No. 6,929,186 (“Orientation-indicating machine-readable
coded data”) filed by the applicant or assignee of the present
invention and the contents of which is herein incorporated by
reference.

2.6 Tag Map

[0116] Decoding a tag typically results in a region ID, a tag
1D, and a tag-relative pen transform. Before the tag ID and the
tag-relative pen location can be translated into an absolute
location within the tagged region, the location of the tag
within the region must be known. This is given by a tag map,
a function which maps each tag ID in a tagged region to a
corresponding location. The tag map class diagram is shown
in FIG. 22, as part of the netpage printer class diagram.

[0117] A tagmap reflects the scheme used to tile the surface
region with tags, and this can vary according to surface type.
When multiple tagged regions share the same tiling scheme
and the same tag numbering scheme, they can also share the
same tag map.

[0118] The tag map for a region must be retrievable via the
region ID. Thus, given a region ID, a tag ID and a pen trans-
form, the tag map can be retrieved, the tag ID can be translated
into an absolute tag location within the region, and the tag-
relative pen location can be added to the tag location to yield
an absolute pen location within the region.

[0119] Thetag ID may have a structure which assists trans-
lation through the tag map. It may, for example, encode Car-
tesian (x-y) coordinates or polar coordinates, depending on
the surface type on which it appears. The tag ID structure is
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dictated by and known to the tag map, and tag IDs associated
with different tag maps may therefore have different struc-
tures.

[0120] With the tagging scheme described above, the tags
usually function in cooperation with associated visual ele-
ments on the netpage. These function as user interactive ele-
ments in that auser can interact with the printed page using an
appropriate sensing device in order for tag data to be read by
the sensing device and for an appropriate response to be
generated in the netpage system.

[0121] Additionally (or alternatively), decoding a tag may
beused to provide orientation data indicative of the yaw of the
pen relative to the surface. The orientation data may be deter-
mined using, for example, the orientation axis 16 described
above (Section 2.3) or orientation data embedded in the tag
data (Section 2.5).

3 Document and Page Descriptions

[0122] A preferred embodiment of a document and page
description class diagram is shown in FIGS. 12 and 13.
[0123] In the netpage system a document is described at
three levels. At the most abstract level the document 836 has
a hierarchical structure whose terminal elements 839 are
associated with content objects 840 such as text objects, text
style objects, image objects, etc. Once the document is
printed on a printer with a particular page size, the document
is paginated and otherwise formatted. Formatted terminal
elements 835 will in some cases be associated with content
objects which are different from those associated with their
corresponding terminal elements, particularly where the con-
tent objects are style-related. Each printed instance of a docu-
ment and page is also described separately, to allow input
captured through a particular page instance 830 to be
recorded separately from input captured through other
instances of the same page description.

[0124] The presence of the most abstract document
description on the page server allows a copy of a document to
be printed without being forced to accept the source docu-
ment’s specific format. The user or a printing press may be
requesting a copy for a printer with a different page size, for
example. Conversely, the presence of the formatted document
description on the page server allows the page server to effi-
ciently interpret user actions on a particular printed page.
[0125] A formatted document 834 consists of a set of for-
matted page descriptions 5, each of which consists of a set of
formatted terminal elements 835. Each formatted element has
a spatial extent or zone 58 on the page. This defines the active
area of input elements such as hyperlinks and input fields.
[0126] A document instance 831 corresponds to a format-
ted document 834. It consists of a set of page instances 830,
each of which corresponds to a page description 5 of the
formatted document. Each page instance 830 describes a
single unique printed netpage 1, and records the page ID 50 of
the netpage. A page instance is not part of a document
instance ifitrepresents a copy of'a page requested in isolation.
[0127] A page instance consists of a set of terminal element
instances 832. An element instance only exists if it records
instance-specific information. Thus, a hyperlink instance
exists for a hyperlink element because it records a transaction
ID 55 which is specific to the page instance, and a field
instance exists for a field element because it records input
specific to the page instance. An element instance does not
exist, however, for static elements such as textflows.
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[0128] A terminal element 839 can be a visual element or an
input element. A visual element can be a static element 843 or
a dynamic element 846. An input element may be, for
example, a hyperlink element 844 or a field element 845, as
shown in FIG. 14. Other types of input element are of course
possible, such a input elements, which select a particular
mode of the pen 101.

[0129] A page instance has a background field 833 which is
used to record any digital ink captured on the page which does
not apply to a specific input element.

[0130] Inthe preferred form of the invention, a tag map 811
is associated with each page instance to allow tags on the page
to be translated into locations on the page.

4 The Netpage Network

[0131] Inone embodiment, a netpage network consists ofa
distributed set of netpage page servers 10, netpage registra-
tion servers 11, netpage ID servers 12, netpage application
servers 13, and netpage relay devices 601 connected via a
network 19 such as the Internet, as shown in FIG. 3.

[0132] The netpage registration server 11 is a server which
records relationships between users, pens, printers and appli-
cations, and thereby authorizes various network activities. It
authenticates users and acts as a signing proxy on behalf of
authenticated users in application transactions. It also pro-
vides handwriting recognition services. As described above, a
netpage page server 10 maintains persistent information
about page descriptions and page instances. The netpage net-
work includes any number of page servers, each handling a
subset of page instances. Since a page server also maintains
user input values for each page instance, clients such as
netpage relays 601 send netpage input directly to the appro-
priate page server. The page server interprets any such input
relative to the description of the corresponding page.

[0133] A netpage ID server 12 allocates document 1Ds 51
on demand, and provides load-balancing of page servers via
its ID allocation scheme.

[0134] A netpage relay 601 uses the Internet Distributed
Name System (DNS), or similar, to resolve a netpage page ID
50 into the network address of the netpage page server 10
handling the corresponding page instance.

[0135] A netpage application server 13 is a server which
hosts interactive netpage applications.

[0136] Netpage servers can be hosted on a variety of net-
work server platforms from manufacturers such as IBM,
Hewlett-Packard, and Sun. Multiple netpage servers can run
concurrently on a single host, and a single server can be
distributed over a number of hosts. Some or all of the func-
tionality provided by netpage servers, and in particular the
functionality provided by the ID server and the page server,
can also be provided directly in a netpage appliance such as a
netpage printer, in a computer workstation, or on a local
network.

5 The Netpage Pen

[0137] The active sensing device of the netpage system
may take the form of a clicker (for clicking on a specific
position on a surface), a pointer having a stylus (for pointing
or gesturing on a surface using pointer strokes), or a pen
having a marking nib (for marking a surface with ink when
pointing, gesturing or writing on the surface). A pen 101 is
described herein, although it will be appreciated that clickers
and pointers may have similar features. The pen 101 uses its
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embedded controller 134 to capture and decode netpage tags
from a page via an image sensor. The image sensor is a
solid-state device provided with an appropriate filter to permit
sensing at only near-infrared wavelengths. As described in
more detail below, the system is able to sense when the nib is
in contact with the surface, and the pen is able to sense tags at
a sufficient rate to capture human handwriting (i.e. at 200 dpi
or greater and 100 Hz or faster). Information captured by the
pen may be encrypted and wirelessly transmitted to the
printer (or base station), the printer or base station interpret-
ing the data with respect to the (known) page structure.
[0138] The preferred embodiment of the netpage pen 101
operates both as a normal marking ink pen and as a non-
marking stylus (i.e. as a pointer). The marking aspect, how-
ever, is not necessary for using the netpage system as a brows-
ing system, such as when it is used as an Internet interface.
Each netpage pen is registered with the netpage system and
has a unique pen ID 61. FIG. 11 shows the netpage pen class
diagram, reflecting pen-related information maintained by a
registration server 11 on the netpage network.

[0139] When the nib is in contact with a netpage, the pen
determines its position and orientation relative to the page.
The nib is attached to a force sensor, and the force on the nib
is interpreted relative to a threshold to indicate whether the
pen is “up” or “down”. This allows an interactive element on
the page to be ‘clicked’ by pressing with the pen nib, in order
to request, say, information from a network. Furthermore, the
force may be captured as a continuous value to allow, say, the
full dynamics of a signature to be verified.

[0140] The pen determines the position and orientation of
its nib on the netpage by imaging, in the infrared spectrum, an
area 193 of the page in the vicinity of the nib. It decodes the
nearest tag and computes the position of the nib relative to the
tag from the observed perspective distortion on the imaged
tag and the known geometry of the pen optics. Although the
position resolution of the tag may be low, because the tag
density on the page is inversely proportional to the tag size,
the adjusted position resolution is quite high, exceeding the
minimum resolution required for accurate handwriting rec-
ognition.

[0141] Pen actions relative to a netpage are captured as a
series of strokes. A stroke consists of a sequence of time-
stamped pen positions on the page, initiated by a pen-down
event and completed by the subsequent pen-up event. A
stroke is also tagged with the page ID 50 of the netpage
whenever the page 1D changes, which, under normal circum-
stances, is at the commencement of the stroke.

[0142] Each netpage pen has a current selection 826 asso-
ciated with it, allowing the user to perform copy and paste
operations etc. The selection is timestamped to allow the
system to discard it after a defined time period. The current
selection describes a region of a page instance.

[0143] It consists of the most recent digital ink stroke cap-
tured through the pen relative to the background area of the
page. It is interpreted in an application-specific manner once
it is submitted to an application via a selection hyperlink
activation.

[0144] Each pen has a current nib 824. This is the nib last
notified by the pen to the system. In the case of the default
netpage pen described above, either the marking black ink nib
or the non-marking stylus nib is current. Each pen also has a
current nib style 825. This is the nib style last associated with
the pen by an application, e.g. in response to the user selecting
a color from a palette. The default nib style is the nib style
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associated with the current nib. Strokes captured through a
pen are tagged with the current nib style. When the strokes are
subsequently reproduced, they are reproduced in the nib style
with which they are tagged.

[0145] The pen 101 may have one or more buttons 209. As
described in U.S. application Ser. No. 11/672,950 filed on
Feb. 8, 2007 (the contents of which is herein incorporated by
reference), the button(s) may be used to determine a mode or
behavior of the pen, which, in turn, determines how a stroke
or, more generally, interaction data is interpreted by the page
server 10.

[0146] Whenever the pen is within range of a relay device
601 with which it can communicate, the pen slowly flashes its
“online” LED. When the pen fails to decode a stroke relative
to the page, it momentarily activates its “error” LED. When
the pen succeeds in decoding a stroke relative to the page, it
momentarily activates its “ok™ LED.

[0147] A sequence of captured strokes is referred to as
digital ink. Digital ink forms the basis for the digital exchange
of drawings and handwriting, for online recognition of hand-
writing, and for online verification of signatures.

[0148] The pen is typically wireless and transmits digital
ink to the relay device 601 via a short-range radio link. The
transmitted digital ink is encrypted for privacy and security
and packetized for efficient transmission, but is always
flushed on a pen-up event to ensure timely handling in the
printer.

[0149] When the pen is out-of-range of a relay device 601 it
buffers digital ink in internal memory, which has a capacity of
over ten minutes of continuous handwriting. When the pen is
once again within range of a relay device, it transfers any
buffered digital ink.

[0150] A pen can be registered with any number of relay
devices, but because all state data resides in netpages both on
paper and on the network, it is largely immaterial which relay
device a pen is communicating with at any particular time.
[0151] One embodiment of the pen is described in greater
detail in Section 7 below, with reference to FIGS. 8 to 10.

6 Netpage Interaction

[0152] The netpage relay device 601 receives data relating
to a stroke from the pen 101 when the pen is used to interact
with a netpage 1. The coded data 3 of the tags 4 is read by the
pen when it is used to execute a movement, such as a stroke.
The data allows the identity of the particular page to be
determined and an indication of the positioning of the pen
relative to the page to be obtained. Interaction data, typically
comprising the page ID 50 and at least one position of the pen,
is transmitted to the relay device 601, where it resolves, via
the DNS, the page ID 50 of the stroke into the network address
of the netpage page server 10 which maintains the corre-
sponding page instance 830. It then transmits the stroke to the
page server. If the page was recently identified in an earlier
stroke, then the relay device may already have the address of
the relevant page server in its cache. Each netpage consists of
a compact page layout maintained persistently by a netpage
page server (see below). The page layout refers to objects
such as images, fonts and pieces of text, typically stored
elsewhere on the netpage network.

[0153] When the page server receives the stroke from the
pen, it retrieves the page description to which the stroke
applies, and determines which element of the page descrip-
tion the stroke intersects. It is then able to interpret the stroke
in the context of the type of the relevant element.
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[0154] A “click” is a stroke where the distance and time
between the pen down position and the subsequent pen up
position are both less than some small maximum. An object
which is activated by a click typically requires a click to be
activated, and accordingly, a longer stroke is ignored. The
failure of a pen action, such as a “sloppy” click, to register
may be indicated by the lack of response from the pen’s “ok™
LED.

[0155] Hyperlinks and form fields are two kinds of input
elements, which may be contained in a netpage page descrip-
tion. Input through a form field can also trigger the activation
of'an associated hyperlink. These types of input elements are
described in further detail in the above-identified patents and
patent applications, the contents of which are herein incorpo-
rated by cross-reference.

7 Detailed Netpage Pen Description
7.1 Pen Mechanics

[0156] Referring to FIGS. 8 and 9, the pen, generally des-
ignated by reference numeral 101, includes a housing 102 in
the form of a plastics moulding having walls 103 defining an
interior space 104 for mounting the pen components. Mode
selector buttons 209 are provided on the housing 102. The pen
top 105 is in operation rotatably mounted at one end 106 of
the housing 102. A semi-transparent cover 107 is secured to
the opposite end 108 of the housing 102. The cover 107 is also
of moulded plastics, and is formed from semi-transparent
material in order to enable the user to view the status of the
LED mounted within the housing 102. The cover 107
includes a main part 109 which substantially surrounds the
end 108 of the housing 102 and a projecting portion 110
which projects back from the main part 109 and fits within a
corresponding slot 111 formed in the walls 103 of the housing
102. A radio antenna 112 is mounted behind the projecting
portion 110, within the housing 102. Screw threads 113 sur-
rounding an aperture 113A on the cover 107 are arranged to
receive a metal end piece 114, including corresponding screw
threads 115. The metal end piece 114 is removable to enable
ink cartridge replacement.

[0157] Also mounted within the cover 107 is a tri-color
status LED 116 on a flex PCB 117. The antenna 112 is also
mounted on the flex PCB 117. The status LED 116 is mounted
at the top of the pen 101 for good all-around visibility.
[0158] The pen can operate both as a normal marking ink
pen and as a non-marking stylus. An ink pen cartridge 118
with nib 119 and a stylus 120 with stylus nib 121 are mounted
side by side within the housing 102. Either the ink cartridge
nib 119 or the stylus nib 121 can be brought forward through
open end 122 of the metal end piece 114, by rotation of the
pen top 105. Respective slider blocks 123 and 124 are
mounted to the ink cartridge 118 and stylus 120, respectively.
A rotatable cam barrel 125 is secured to the pen top 105 in
operation and arranged to rotate therewith. The cam barrel
125 includes a cam 126 in the form of a slot within the walls
181 of the cam barrel. Cam followers 127 and 128 projecting
from slider blocks 123 and 124 fit within the cam slot 126. On
rotation of the cam barrel 125, the slider blocks 123 or 124
move relative to each other to project either the pen nib 119 or
stylus nib 121 out through the hole 122 in the metal end piece
114. The pen 101 has three states of operation. By turning the
top 105 through 90° steps, the three states are:

[0159] Stylus 120 nib 121 out;

[0160] Ink cartridge 118 nib 119 out; and
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[0161] Neither ink cartridge 118 nib 119 out nor stylus 120
nib 121 out.
[0162] A second flex PCB 129, is mounted on an electron-

ics chassis 130 which sits within the housing 102. The second
flex PCB 129 mounts an infrared LED 131 for providing
infrared radiation for projection onto the surface. An image
sensor 132 is provided mounted on the second flex PCB 129
for receiving reflected radiation from the surface. The second
flex PCB 129 also mounts a radio frequency chip 133, which
includes an RF transmitter and RF receiver, and a controller
chip 134 for controlling operation of the pen 101. An optics
block 135 (formed from moulded clear plastics) sits within
the cover 107 and projects an infrared beam onto the surface
and receives images onto the image sensor 132. Power supply
wires 136 connect the components on the second flex PCB
129 to battery contacts 137 which are mounted within the cam
barrel 125. A terminal 138 connects to the battery contacts
137 and the cam barrel 125. A three volt rechargeable battery
139 sits within the cam barrel 125 in contact with the battery
contacts. An induction charging coil 140 is mounted about the
second flex PCB 129 to enable recharging of the battery 139
via induction. The second flex PCB 129 also mounts an infra-
red LED 143 and infrared photodiode 144 for detecting dis-
placement in the cam barrel 125 when either the stylus either
the stylus 120 or the ink cartridge 118 is used for writing, in
order to enable a determination of the force being applied to
the surface by the pen nib 119 or stylus nib 121. The IR
photodiode 144 detects light from the IR LED 143 via reflec-
tors (not shown) mounted on the slider blocks 123 and 124.

[0163] Rubber grip pads 141 and 142 are provided towards
the end 108 of the housing 102 to assist gripping the pen 101,
and top 105 also includes a clip 142 for clipping the pen 101
to a pocket.

7.2 Pen Controller

[0164] Thepen 101 is arranged to determine the position of
its nib (stylus nib 121 or ink cartridge nib 119) by imaging, in
the infrared spectrum, an area of the surface in the vicinity of
the nib. It records the location data from the nearest location
tag, and is arranged to calculate the distance of the nib 121 or
119 from the location tab utilising optics 135 and controller
chip 134. The controller chip 134 calculates the orientation
(vaw) of the pen using an orientation indicator in the imaged
tag, and the nib-to-tag distance from the perspective distor-
tion observed on the imaged tag.

[0165] Utilising the RF chip 133 and antenna 112 the pen
101 can transmit the digital ink data (which is encrypted for
security and packaged for efficient transmission) to the com-
puting system.

[0166] When the pen is in range of a relay device 601, the
digital ink data is transmitted as it is formed. When the pen
101 moves out of range, digital ink data is buffered within the
pen 101 (the pen 101 circuitry includes a buffer arranged to
store digital ink data for approximately 12 minutes of the pen
motion on the surface) and can be transmitted later.

[0167] InApplicant’s U.S. Pat. No. 6,870,966, the contents
of which is incorporated herein by reference, a pen 101 hav-
ing an interchangeable ink cartridge nib and stylus nib was
described.

[0168] Accordingly, and referring to FIG. 27, when the pen
101 connects to the computing system, the controller 134
notifies the system of the pen ID, nib ID 175, current absolute
time 176, and the last absolute time it obtained from the
system prior to going offline. The pen ID allows the comput-



US 2008/0192234 Al

ing system to identify the pen when there is more than one pen
being operated with the computing system.

[0169] The nib ID allows the computing system to identify
which nib (stylus nib 121 or ink cartridge nib 119) is presently
being used. The computing system can vary its operation
depending upon which nib is being used. For example, if the
ink cartridge nib 119 is being used the computing system may
defer producing feedback output because immediate feed-
back is provided by the ink markings made on the surface.
Where the stylus nib 121 is being used, the computing system
may produce immediate feedback output.

[0170] Since a user may change the nib 119, 121 between
one stroke and the next, the pen 101 optionally records a nib
ID for a stroke 175. This becomes the nib ID implicitly
associated with later strokes.

[0171] Cartridges having particular nib characteristics may
be interchangeable in the pen. The pen controller 134 may
interrogate a cartridge to obtain the nib ID 175 of the car-
tridge. The nib ID 175 may be stored in a ROM or a barcode
on the cartridge. The controller 134 notifies the system of the
nib ID whenever it changes. The system is thereby able to
determine the characteristics of the nib used to produce a
stroke 175, and is thereby subsequently able to reproduce the
characteristics of the stroke itself.

[0172] The controller chip 134 is mounted on the second
flex PCB 129 in the pen 101. FIG. 10 is a block diagram
illustrating in more detail the architecture of the controller
chip 134.

[0173] FIG. 10 also shows representations of the RF chip
133, the image sensor 132, the tri-color status LED 116, the
IR illumination LED 131, the IR force sensor LED 143, and
the force sensor photodiode 144.

[0174] The pen controller chip 134 includes a controlling
processor 145. Bus 146 enables the exchange of data between
components of the controller chip 134. Flash memory 147
and a 512 KB DRAM 148 are also included. An analog-to-
digital converter 149 is arranged to convert the analog signal
from the force sensor photodiode 144 to a digital signal.
[0175] An image sensor interface 152 interfaces with the
image sensor 132. A transceiver controller 153 and base band
circuit 154 are also included to interface with the RF chip 133
which includes an RF circuit 155 and RF resonators and
inductors 156 connected to the antenna 112.

[0176] The controlling processor 145 captures and decodes
location data from tags from the surface via the image sensor
132, monitors the force sensor photodiode 144, controls the
LEDs 116, 131 and 143, and handles short-range radio com-
munication via the radio transceiver 153. It is a medium-
performance (~40 MHz) general-purpose RISC processor.

[0177] The processor 145, digital transceiver components
(transceiver controller 153 and baseband circuit 154), image
sensor interface 152, flash memory 147 and 512 KB DRAM
148 are integrated in a single controller ASIC. Analog RF
components (RF circuit 155 and RF resonators and inductors
156) are provided in the separate RF chip.

[0178] The image sensor is a 215x215 pixel CCD (such a
sensor is produced by Matsushita Electronic Corporation,
and is described in a paper by Itakura, K T Nobusada, N
Okusenya, R Nagayoshi, and M Ozaki, “A 1 mm 50k-Pixel IT
CCD Image Sensor for Miniature Camera System”, IEEE
Transactions on Electronic Devices, Volt 47, number 1, Janu-
ary 2000, which is incorporated herein by reference) with an
IR filter.
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[0179] The controller ASIC 134 enters a quiescent state
after a period of inactivity when the pen 101 is not in contact
with a surface. It incorporates a dedicated circuit 150 which
monitors the force sensor photodiode 144 and wakes up the
controller 134 via the power manager 151 on a pen-down
event.

[0180] The radio transceiver communicates in the unli-
censed 900 MHz band normally used by cordless telephones,
or alternatively in the unlicensed 2.4 GHz industrial, scien-
tific and medical (ISM) band, and uses frequency hopping
and collision detection to provide interference-free commu-
nication.

[0181] In an alternative embodiment, the pen incorporates
an Infrared Data Association (IrDA) interface for short-range
communication with a base station or netpage printer.

7.3 Alternative Motion Sensor

[0182] Ina further embodiment, the pen 101 includes a pair
of'orthogonal accelerometers mounted in the normal plane of
the pen 101 axis. The accelerometers 190 are shown in FIGS.
9 and 10 in ghost outline.

[0183] The provision of the accelerometers enables this
embodiment of the pen 101 to sense motion without reference
to surface location tags. Each location tag ID can then identify
an object of interest rather than a position on the surface. For
example, if the object is a user interface input element (e.g. a
command button), then the tag ID of each location tag within
the area of the input element can directly identify the input
element.

[0184] The acceleration measured by the accelerometers in
each of thex and y directions is integrated with respect to time
to produce an instantaneous velocity and position.

[0185] Since the starting position of the stroke is not
known, only relative positions within a stroke are calculated.
Although position integration accumulates errors in the
sensed acceleration, accelerometers typically have high reso-
lution, and the time duration of a stroke, over which errors
accumulate, is short.

7.4 Additional or Supplementary Motion Sensor

[0186] As will be appreciated from the foregoing, if the
Netpage tags 4 encode an x-y coordinate grid, then the
Netpage pen 101 can identify its own position relative to the
surface by reading any small part of the tag pattern. It can then
measure its own motion by determining its position via the
tags 4 at a sufficiently high rate. The resulting motion data
represents the path of the pen relative to the surface as a
sequence of discrete positions. If the motion itself is band
limited, e.g. because it is produced by the action of a human
hand, and the sampling rate exceeds twice the highest fre-
quency present, then the position samples can be interpolated
to exactly reconstruct the continuous path of the pen (ignoring
noise, quantisation and end effects). If the sampling rate is
inadequate then reconstruction is liable to introduce aliasing
artifacts into the reconstructed continuous path. Whether this
is a problem is application specific.

[0187] Capturing and subsequently reconstructing the
exact path of the pen 101 is important when the motion
represents handwriting. It is slightly less important when the
motion represents a selection gesture (e.g. circumscription,
underlining etc), so long as the pen 101 gives the user
adequate control. For a given sampling rate the user can trade
reduced speed for increased control.
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[0188] A number of motion sensing mechanisms may be
employed in a Netpage pen 101 in addition to the image
sensor 132 and processor 145, which images and decodes
location-indicating Netpage tags 4. These typically either
measure absolute displacement or relative displacement. For
example, an optical mouse that measures displacement rela-
tive to an external grid (see U.S. Pat. No. 4,390,873 and U.S.
Pat. No. 4,521,772) measures absolute displacement,
whereas a mechanical mouse that measures displacement via
the movement of a wheel or ball in contact with the surface
(see U.S. Pat. No. 3,541,541 and U.S. Pat. No. 4,464,652)
measures relative displacement because measurement errors
accumulate. An optical mouse that measures displacement
relative to surface texture (see U.S. Pat. No. 6,631,218, U.S.
Pat. No. 6,281,882, U.S. Pat. No. 6,297,513 and U.S. Pat. No.
4,794,384), measures relative displacement for the same rea-
son. Motion sensors based on point interferometry (see U.S.
Pat. No. 6,246,482) or acceleration (see U.S. Pat. No. 4,787,
051) also measure relative displacement. The contents of all
US patents identified in the preceding paragraph relating to
motion sensors are herein incorporated by reference.

[0189] Netpage tags can be used as the basis for measuring
absolute displacement in a manner similar to an optical
mouse that measures displacement relative to an external
grid. Since the tags incorporate regularly-spaced target fea-
tures, the position of these features can be correlated from one
tag image to the next to determine displacement. Since the
exact spacing of the targets is known, measurement errors do
notaccumulate. As described above, the pen 101 can take into
account the perspective distortion of the tag pattern to com-
pute a precise displacement. In order to correlate the position
oftargets between successive tag images, the tag images must
overlap so that the correlation is unambiguous. As described
in U.S. Pat. No. 7,055,739, so long as the displacement
between successive tag images is less than half the target
spacing the correlation is unambiguous.

[0190] The path of the pen 101 relative to a surface may
usefully be decomposed into three separate components: the
shape of the path; the orientation of the path relative to the
surface; and the position of the path relative to the surface.
The shape may be absolute or relative, in line with whether
the motion sensing mechanism measures absolute or relative
displacement. The precision of a relative path depends both
on the magnitude of measurement errors and the number of
measurements (i.e. the duration of the path, assuming a fixed
sampling rate). The orientation is only known when the
motion sensing mechanism measures motion relative to an
external reference of known geometry, such as the Netpage
tag pattern or a gridded optical mouse pad. The orientation
may only be known modulo the rotational symmetry of the
external reference. For example, if the external reference has
four-fold symmetry then the orientation may only be known
modulo 90 degrees. The position is only known when the
external reference, such as the Netpage tag pattern, allows the
position to be determined. Table 2 lists motion-sensing
mechanisms that illustrate these differences.

TABLE 2

Characteristics of motion-sensing mechanisms

Motion-sensing mechanism Shape Orientation position
texture-sensing optical mouse relative no no
grid-sensing optical mouse absolute yes no
tag-sensing Netpage pen absolute yes yes
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[0191] Anarbitrary motion sensing mechanism canbe used
in combination with the Netpage pen’s fundamental ability to
read a Netpage tag pattern. In the absence of a tag pattern (or
any other reference), the pen 101 can capture a relative path
shape. In the presence of a tag pattern that only identifies
regions, the pen 101 can capture an oriented relative path
shape within a region (or across multiple regions). In the
presence of a tag pattern that also encodes a location grid, the
pen 101 can capture an oriented relative path shape, deter-
mine the position of the path by sampling its own absolute
position once, and can optionally improve the precision of the
path shape by sampling its own position more than once (e.g.
sparingly but on a regular basis, or just at the end-points of
each stroke) and fitting the path shape to the sampled posi-
tions to obtain a positioned, oriented, absolute path.

[0192] Assuming a motion sensing mechanism that gener-
ates successive displacement deltas As, (i.e. relative position
changes), the corresponding position s, is updated as follows:

5778 1+AS; (EQD)

[0193] If the motion sensing mechanism is a pair of
orthogonal accelerometers in the normal plane of the pen axis
(see U.S. Pat. No. 7,105,753), then the instantaneous accel-
eration a, measured by the accelerometers is integrated with
respect to time to produce an instantaneous velocity delta Av,,
velocity v,, and displacement delta As,, using the kinematic
equations relating acceleration, velocity and displacement:

Av=a;At (EQ2)
ViV Ay, (EQ3)
As;=v,_  At+1/2a,A% (EQ 4)

[0194] The accuracy of the integration increases with
decreasing sampling period At (and with decreasing accelera-
tion). Non-linear integration may also be used for greater
accuracy. It will be appreciated that these calculations may be
performed by the processor 145 described above.

[0195] There are several potential advantages to incorpo-
rating an additional relative motion sensing mechanism in a
Netpage pen 101. As noted above, the rate at which the pen
101 reads the Netpage tag pattern can be reduced if motion
data is available at a higher rate from another source. This can
improve power consumption if the other motion sensing
mechanism is relatively efficient, such as an optical mouse
chip, a point interferometry device, or accelerometers. In
addition, motion sensing remains possible in the absence of a
Netpage tag pattern. This is useful when the Netpage pen 101
is used, for example, to generate cursor control commands.
[0196] The present invention has been described with ref-
erence to a preferred embodiment and number of specific
alternative embodiments. However, it will be appreciated by
those skilled in the relevant fields that a number of other
embodiments, differing from those specifically described,
will also fall within the spirit and scope of the present inven-
tion. Accordingly, it will be understood that the invention is
not intended to be limited to the specific embodiments
described in the present specification, including documents
incorporated by cross-reference as appropriate. The scope of
the invention is only limited by the attached claims.

1. A method of sensing motion of a sensing device relative
to a surface, the method including the steps of:
optically imaging a position-coding pattern disposed on or
in the surface;
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independently sensing relative position changes of the

sensing device using a motion sensor;
generating absolute motion data by determining a plurality
of absolute positions of the sensing device relative to the
surface using the imaged position-coding pattern;

independently generating relative motion data using the
relative position changes sensed by the motion sensor;
and

determining the motion of the sensing device using the

absolute motion data supplemented with the relative
motion data.

2. The method of claim 1, wherein an extent to which the
relative motion data supplements the absolute motion data is
dependent on at least one of:

a sampling rate of imaging the position-coding pattern;

a speed of movement of the sensing device relative to the

surface; and

power-saving criteria for the sensing device.

3. The method of claim 1, wherein the motion sensor is
selected from any one of the group comprising: at least one
accelerometer; a mechanical mouse; an optical mouse; and a
point interferometry device.

4. The method of claim 3, wherein said motion sensor is an
optical mouse utilizing at least one of: a pattern-based optical
mouse technique; a texture-based optical mouse technique;
and a laser-speckle-based optical mouse technique.

5. The method of claim 1, wherein the absolute motion data
comprises a plurality of sensed absolute positions, the relative
motion data comprises a plurality of sensed relative position
changes, and wherein the method includes the further step of:

combining the sensed relative position changes with the

sensed absolute positions to generate additional abso-
lute positions.

6. The method of claim 5, wherein the combining step
comprises at least one of:

adding the sensed relative position changes to the sensed

absolute positions; and

substracting the sensed relative position changes from the

sensed absolute positions.

7. The method of claim 1, wherein neighbouring absolute
positions, as sensed over time, are interleaved with at least
one relative position change.

8. The method of claim 1, wherein the position-coding
pattern is indicative of a plurality of locations on the surface
and of an identity of a region.

9. The method of claim 8, further comprising the step of:

determining the identity of the region using the imaged

position-coding pattern.

10. The method of claim 8, wherein the identity of the
region is coincident with an identity of the surface.

11. The method of claim 1, wherein the position-coding
pattern is comprised of a plurality oftags, each tag identitying
the identity of the surface and a location of the tag on the
surface.

12. The method of claim 1, further comprising the step of:

transmitting data indicative of the motion of the sensing

device to a computer system, thereby enabling the com-
puter system to interpret said motion and initiate an
action corresponding to said motion.

13. A sensing device configured for determining its own
motion relative to a surface, said sensing device comprising:

a first motion sensor comprising:

an image sensor for imaging a position-coding pattern
on the surface; and
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a first processor configured for generating absolute
motion data by determining a plurality of absolute
positions of the sensing device relative to the surface
using the imaged position-coding pattern;

a second motion sensor configured for independently gen-
erating relative motion data by determining one or more
relative position changes of the sensing device; and

a second processor configured for determining the motion
of the sensing device using the absolute motion data
supplemented with the relative motion data.

14. The sensing device of claim 13, wherein the first and

second processors are the same processor.

15. The sensing device of claim 13, wherein the second
processor is configured such that an extent to which the rela-
tive motion data supplements the absolute motion data is
dependent on at least one of:

a sampling rate of imaging the position-coding pattern;

a speed of movement of the sensing device relative to the

surface; and
power-saving criteria for the sensing device.
16. The sensing device of claim 13, wherein the second
motion sensor is selected from any one of the group compris-
ing: at least one accelerometer; a mechanical mouse; an opti-
cal mouse; and a point interferometry device.
17. The sensing device of claim 16, wherein said second
motion sensor is an optical mouse utilizing at least one of: a
pattern-based optical mouse technique; a texture-based opti-
cal mouse technique; and a laser-speckle-based optical
mouse technique.
18. The sensing device of 17, wherein said second motion
sensor is an optical mouse comprising the image sensor.
19. The sensing device of claim 13, further comprising
communication means for transmitting data indicative of the
motion of the sensing device to a computer system, thereby
enabling the computer system to interpret said motion and
initiate an action corresponding to said motion.
20. A system for initiating an action corresponding to
motion of a sensing device relative to a surface, said system
comprising:
(A) the sensing device comprising:
a first motion sensor comprising:
animage sensor for imaging a position-coding pattern
on the surface; and

a first processor configured for generating absolute
motion data by determining a plurality of absolute
positions of the sensing device relative to the sur-
face using the imaged position-coding pattern;

a second motion sensor configured for generating rela-
tive motion data by determining one or more relative
position changes of the sensing device, said second
motion sensor being operatively independent of said
first motion sensor;

a second processor configured for determining the
motion of the sensing device using the absolute
motion data supplemented with the relative motion
data; and

communication means for communicating data indica-
tive of the motion of the sensing device to a computer
system; and

(B) the computer system configured for:
receiving the data indicative of the motion of the sensing

device;

interpreting said motion; and

initiating an action corresponding to the motion of the
sensing device.



