
��
 �	�	�
�

�
��	�����

ƙIƞ ĄƁŌÿ



� ǈǉĄƁČĺ

� ǖȗĄƁČĺ

	 ǌâĄƁČĺ


 ăĀĄƁČĺ

� �

� rmĄƁČĺ



��	�
�

PART.1



dn@�

• ǈǉĄƁĴÙ¸jĆǈȚĨėAŶŹńȲǂBȲ»ĵƚgĂǲǂǔ
�ȲŚȃ²ŮǋŶǮƏOŰdŹńŉŚȲǂBǔ�Ȳ»ĵĄƁƚȳ

%�
� +�

/�

��
�&

¤Án½ >�W\- ]�@r

>%D�



4c�he¹L�kx

• Ţï�PjƤţB�����ŶŢïh

RGB>% Rµ¶>% Gµ¶>% Bµ¶>%

• ǺǼ~ƉP4-)SǺǼ~Ɖ

• 41/ ĝ�PǑƴĄqǠ�Á

+ =
ROI3B°&>% Mask>%



• ŠŘPƜ�èŰŶ¸jÅŮįŗOCǄŰdzß·ţĆÌż
• xeec4Y_ec�:Cec��Xecu

• �xeec4�Cec�O�ecu

• Hd@ec4������F���vu

°&>% [#�| aeJÆÈ aeJÇÅ

4c�he¹L�kx



��¬n

�ux~ ��ª. [1]

[1] Farrukh, H., Aburas, R. M., Cao, S., Wang, H. “FaceRevelio: a face liveness detection system for smartphones with a single front
camera”. ACM MobiCom, 2020.

[2] Song, C., Wang, A., Ren, K., Xu, W. “Eyeveri: A secure and usable approach for smartphone user authentication”. IEEE,
INFOCOM. 2016.

[3] https://github.com/raulmur/ORB_SLAM2.

��´® [2] ��·_ [3]



��¬n��AG3�{uy

• l�ôśï¸AșŚPzpƿŶ	�^ƴOǑǍȣƊǦzǾ^ŶA
ȉǃƇøóOÝȩ�]ǍȈțĳÜBjƤ~ƠȈțOŤ«ȀŰȏ
Ļŋł~Ơ¶ǔ�ǦzǾ^OȂĮčùůąPzpƿȳ

[1] Shotton, J., Fitzgibbon, A., Cook, M., Sharp, T., Finocchio, M., Moore, R., ... & Blake, A. Real-time human pose recognition in
parts from single depth images. In IEEE CVPR 2011.



��¬n�� �A�£9

• �ŰĶƹĈĻâélÈ@į¬ťiŰćŶƻǾOĕǁVªlťUŶ
ȖǾ¸jǺǮlïƔzāÇȖǾǃȖOìÝrĪ©B	�ȖǾǩðO
VÔŬ	�Pƻǔ�Ȳǽn��Ōuĥ}

[1] Farrukh, H., Aburas, R. M., Cao, S., Wang, H. “FaceRevelio: a face liveness detection system for smartphones with a single front
camera”. ACM MobiCom, 2020.



��¬n���~­¨

• ÂdžŭǵǥŶƍ�ǑÆǦtȞǒƣƮOǺǮ�ƴĞjÍǢǥPž
Ŷǯ�OìîŰg§ÅŮ²Ōó�ǿČĺĽȞǒŰćǦt

[1] Song, C., Wang, A., Ren, K., Xu, W. “Eyeveri: A secure and usable approach for smartphone user authentication”. IEEE,
INFOCOM. 2016.



��¬n����¯s

• ǺǮÈǈǊIư¸jçí�ĄƁǱ�Sư»ĵOǺǮƎŴȂñǮ
á�ǿũúţȲǍƝSưƎŴţeȲ]ǍŻĻ�ĨOŤ«�Űȭ
ØȂñǮƏǍƝŻĻ^ȩȲǹjƤţǍƝØȑƑȉţe

[1] https://github.com/raulmur/ORB_SLAM2.

(%0� )�0� 0�* 



4ct/��d&�W¡gO�f1i�in«2co

• ÎaÂdtƴĞjÍÔĲyƅº¬ƍ�ǑÆǫoīĹR

[1] Yin, Y., Li, Q., Xie, L., Yi, S., Novak, E., Lu, S. “CamK: A camera-based keyboard for small mobile devices”. IEEE 
INFOCOM. 2016.

�	
��/��� �	���� �������
��� ���������
33

��"�"� à ��#�&�
�
• PR�1¨E�0�l%H
• Ã`�­UQ

à!�%������#��$



4ct/��d&�W¡gO�f1i�in«2co

• ĔȆĝ�PǺǮ �!DD1 ǬƲŉŚ² �+I%&  ĖŉŚȆŸŶǬ
ƲźƨOŤ«�ŰȜƾ~�²ĔȆȖƌũú~Ɖ|ĔȆǩðOì
ĳÜ�ÙîÐƘ

 )��������! ���)��  ����)��#�������� �� �������!�  ���
� ���$) �������������

 ������� �����)���������#��)��  ���	�#��)�����!��)�#  ���	�#�'����� ) �������!� 



4ct/��d&�W¡gO�f1i�in«2co

• ēàŉŚPƬ© 1HGI įŗ²:�F�"ƑȉŶ�F~ȃ~�ĈǾO�
ŰēàŶøŪũúŉŚēà

 )��������! ���)��  ����)���'����� ) ���  ��������������� �!�  ��������� ���

• ������ ���� �"��!����� �!���� • (�!���



4ct/��d&�W¡gO�f1i�in«2co

• ĔȆ�bŉŚ²Ó^P�ĬĔȆēàĴ­ƍ�ĽŉŚ¥ƹŶĔȆ
�bOǺǮēàWĔȆŶǡƉ²ǅŷūÓ^ĔUŶÐƘ



��	�
�

PART.2



dn@�

• ǖȗĄƁĴcŰǑÆǁ�ŹńÙǘ�|ŶÄÑg§OǺǮÙg§
ǲǂ~ŁÅŮOÔŬǖȗǔ�ȲǂBǔ�ȲÄÑǎǒƚ�ƹȳ

e¸g¶ 0AL�

06
/�

+�
/�

��
-.

FH

PFA7

W�



dn@���0AL�

• �·
• Yb4

• É+{�7ÃzSsWÀ�"U!1wt
?o�"U�+6²�wt
• �|{�?n��u"U�ÁB3z
�WÀ"U<�u"UpZgq:�?ÁB
�µ±�|d/�)��u"U

• I�¹»W�$¨«ÀI�¹<W]I�¹y�
µ±�b,¥d/«ÀI�¹�
"U

ÁPx



dn@���0AL�

• ĲÁ~Ł
• {�gI

• ±¾�
[[#
u*S
q¹¹¼
ÄXGP�

• 'R2z



dn@���0AL�

• ȚÁ~Ł
• {�gI

• ÁVVL
ÁV�¸
2£Á�3¹

• ��/�h(�wV1��		�



��¬n

��� ���� ��

«Àª. ¢1ª. ��	 ]J§©

[1] Lu H, Pan W, Lane N D, et al. Soundsense: scalable sound sensing for people-centric applications on mobile 
phones[C]//Proceedings of the 7th international conference on Mobile systems, applications, and services. 2009: 
165-178.



��¬n��¤¸£9

• ǖȗǔ�Pl£ÏƦ�Ŷǖȗg§Aĝ�0���ũúOcŰƖ�
ƖŶśïÑFƳƭÝũúƵǕąīĹȳ

+'� .'�+'
1

=
;
:
:
#
�

��

[1] Chan W, Jaitly N, Le Q, et al. Listen, attend and spell: A neural network for large vocabulary conversational 
speech recognition[C]//2016 IEEE International Conference on Acoustics, Speech and Signal Processing 
(ICASSP). IEEE, 2016: 4960-4964.



��¬n���#£9

• Äȗbrǔ�PcŰĈĻȠmȝģȑÄȗOlģȑ�ŶÄȗg§
Aĝ�ĲÁ²ȚÁTŶũúOcŰYȋŒ~ƠÙÄȗbrǲǂǔ
�O�kÝÄȗ~ą{ƊÊƠOD«ÙlÊƠA~|ÞƠȳ

���

����

��

[1] Lu H, Pan W, Lane N D, et al. Soundsense: scalable sound sensing for people-centric applications on mobile 
phones[C]//Proceedings of the 7th international conference on Mobile systems, applications, and services. 2009: 
165-178.



��¬n��eP ¢

• ĔȆǎǒPcŰƗǐĹȠmȝģȑĔȆÄȗOÙg§¹ĲÁ²Ț
ÁTĝ�ũúOÝũúǫo���5��~Ơ¶Aǲǂǎǒȳ

[1] Zhou Q, Yang Y, Hong F, et al. User identification and authentication using keystroke dynamics with 
acoustic signal[C]//2016 12th International Conference on Mobile Ad-Hoc and Sensor Networks (MSN). IEEE, 
2016: 445-449.



4ct/�����y

• cŰĈĻƷĻģȑƀŽǮƏAŶÄȗĽ~ŁƀŽǚȃ

[1] Ren Y, Wang C, Yang J, et al. Fine-grained sleep monitoring: Hearing your breathing with 
smartphones[C]//2015 IEEE Conference on Computer Communications (INFOCOM). IEEE, 2015: 1194-1202.

��rp



���y��µF

• ÙģȑŶg§ǲǂŠŘO¤fų����2�	
���2DȉŶg§

• Ùg§ǲǂ~çOÙœçǍƝįäċ�·ÄçŦŒ

• ÝŠŘ«Ŷg§z�·Äg§



���y��C¼º}�£9

• Ŗ|g§�ƭO¹g§�ƭTċ�°ȦŶ¯ĸOlƶ¥VǍƝ°
ȦȚū



���y����$)8q

• �ĬƀŽǮƏA|Ŭa´gbrOŔÎĉȱOȧȨOƵǦOǞÉȳ
szġbĴÙg§Ŷœȣçĝ�0���ũúOcŰ5�0~Ơ¶Ù
ũúǲǂ~Ơȳ



��	�
�

PART.3



�m

• ȏſA2&+D$ȲA2!#ƚŶȈ>OǌâǑÆǹŞąBƍ�ǑÆŶCřQ

• WŐªĲOŰćWƍ�ĈĻıèŶhLġbOEű�ĽŶĔȆ 
BÎQŶ¨Ɗǌâġbȳ



dn@�

• ȏſǌğâÎaÝŨŮŶĚǌǨ�B½ńg§R
• k�G�oB1Z[�

• 5��i4N¡RY�º82

• ���¿£v*��mhF�¦k

• kAG�oB1Ci�
• 5��j¦qs� �}f]�¬

	
�� 	��� ����

	��� ����



dn@�

• ǌğâŶĄƁơï
• 4?Vl2O;^Vl�d0�E�QMM.�NP�o�s
• < 6�VlQ��`TWEd0m/�E�d0Y9u

���� 1�����,�5'



dn@���4c�he¹L�kx

• Ȏ�·Ä • Ĩėöȣ�

[1] Shahzad, M. , Liu, A. X. , & Samuel, A. . (2013). Secure unlocking of mobile touch screen devices by simple gestures - You can see it but you can not do it. Proceedings of the 
19th annual international conference on Mobile computing & networking.
[2] Wang, H. , Lymberopoulos, D. , & Liu, A. J. . (2015). Sensor-Based User Authentication.

�$876�2�!�&43��[1] �����,#������[2] 

( ) ( 1) ( 1)ˆ( ) x t x t x t Nx t
N

+ - + - +
=

!



dn@���4c�he¹L�kx

• ĨėÙȢ

• Ĩė~�

/-�����5�����[1] 

���!��	��"�
 [1] 

[1] Xinchen Zhang, Yafeng Yin, Lei Xie, Hao Zhang, Zefan Ge, and Sanglu Lu. 2020. TouchID: User Authentication on Mobile Devices via
Inertial-Touch Gesture Analysis. Proc. ACM Interact. Mob. Wearable Ubiquitous Technol. 4, 4, Article 162 (December 2020)



��¬n

• lPĻhLĄƁ�ŰćǦtǎǒĄƁį¬šǲ
• #\"!4NKFW��n�D

• iM�&��4< iM�BgI���&FW



��¬n��?dzW�©D ¢

• ǺǮǌğâvĄ¶ĄƁŰćş�Ĉ�ŶǂBũúOÎş�ǻïȲ
ǊïȲĔ�ȖƌƚOuÂdũúĨėŀñǎǒ~Ơ¶dǦtǎǒȳ

[1] Frank, M. , Biedert, R. , Ma, E. , Martinovic, I. , & D Song. (2012). Touchalytics: on the applicability of touchscreen input as a behavioral 
biometric for continuous authentication. IEEE Transactions on Information Forensics and Security, 8(1), 136-148.



��¬n��hdzW�©D ¢

• ǺǮǌğâvĄ¶È@ĈēǌěŶ½ńgĂOǍƝĈēȉŶŻÙ
ǡƉOuÂdǡƉũúĨėŀñǎǒ~Ơ¶dǦtǎǒȳ

[1] Song, Y. , Cai, Z. , & Zhang, Z. L. . (2017). Multi-touch Authentication Using Hand Geometry and Behavioral Information. Security & Privacy. 
IEEE.



��¬n��7±�#�©D ¢

• ǺǮǌğâvĄ¶ĄƁŰćĩ}ȆŸŶǂBũúOÎţ}^ƴȲ
Ď�ǡƉȲĔ�ȖƌƚOuÂdũúĨėŀñǎǒ~Ơ¶dǦt
ǎǒȳ

[1] Buschek, D. , Luca, A. D. , & Alt, F. . (2015). Improving Accuracy, Applicability and Usability of Keystroke Biometrics on Mobile 
Touchscreen Devices. Acm Conference on Human Factors in Computing Systems, 1393-1402.



4ct/���mzWb>�©D ¢

• ÎaÂdĶƹĈĻŶĄƁş�Ĉ�ŶŰćǦtR

[1] Shahzad, M. , Liu, A. X. , & Samuel, A. . (2013). Secure unlocking of mobile touch screen devices by simple gestures - You can see it but you 
can not do it. Proceedings of the 19th annual international conference on Mobile computing & networking.



4ct/���mzWb>�©D ¢

• ĨėȀȑWșÅŮPȀȑĽƽǌğâvĄ¶V��ǻïǍMǪ�4
ŶĈ�ĄƁĨėOìÙ½ńĨėǲǂyǺŠŘ

[1] Shahzad, M. , Liu, A. X. , & Samuel, A. . (2013). Secure unlocking of mobile touch screen devices by simple gestures - You can see it but you 
can not do it. Proceedings of the 19th annual international conference on Mobile computing & networking.



4ct/���mzWb>�©D ¢

• Ĉ�ñŌPÂdșÅŮ«ŶĄƁĨėĝ�ş�ǻïȲį¬ȲĲȇȲ
ĈēĚǌȖƌȲĈēȉĲȉȉȐMÈēĈ�4ȲĈ�ȇïƚũú

[1] Shahzad, M. , Liu, A. X. , & Samuel, A. . (2013). Secure unlocking of mobile touch screen devices by simple gestures - You can see it but you 
can not do it. Proceedings of the 19th annual international conference on Mobile computing & networking.



4ct/���mzWb>�©D ¢

• ǦtǎǒPÂdÈ@ǏƩũúĨėņĹOŀñ�Ơ5�0~Ơ¶�
~©ŗȕŗŰćQȀŰáōƸƠ�~Vªȩ�ĨėOVǶîȩ�
 òĀȳ

[1] Shahzad, M. , Liu, A. X. , & Samuel, A. . (2013). Secure unlocking of mobile touch screen devices by simple gestures - You can see it but you 
can not do it. Proceedings of the 19th annual international conference on Mobile computing & networking.



��	�
�

PART.4



• ăĀvĄ¶�Đ�ǻïǍȲȌȯWȲƆ�ǍOŰdǁ�ŹńÙǘ
¹ǯ�ǮƏAÙîŶ�ǻïȲǊǻïȲƆ»õïĨėOÔŬĄƁȳ

dn@�

<®X� ´ÀB �U�
x-axis

y-axis

z-axis

<®X �®X �a[X`_+aE



dn@���4c�he¹L�kx

• ȥȎȂ�

ax: x-axis

az: z-axis

ay: y-axis

g=(gx, gy, gz)

a-g = (ax-gx, ay-gy, az-gz)

• Ņŏiƍ

( , , )x x y y z za a a a a a a ad d d d- = - - -

( , , )x y za a a ad d d d=

<®X �_<®X



• Ȏ·

[1] Yafeng Yin, Lei Xie, Yuanyuan Fan, and Sanglu Lu. Tracking Human Motions in Photographing: A Context-Aware Energy-Saving Scheme for Smart Phones. ACM 
Transactions on Sensor Networks, vol. 13, no. 4, pp. 29, 2017.
[2] Lei Xie, Qingliang Cai, Alex X. Liu, Wei Wang, Yafeng Yin, and Sanglu Lu. Synchronize Inertial Readings from Multiple Mobile Devices in Spatial Dimension. IEEE/ACM 
Transactions on Networking, vol. 26, no. 5, pp. 2146-2159, 2018.

• ½ńƣǨĖ

' =X RX

( ) ( 1) ( 1)ˆ( ) x t x t x t Nx t
N

+ - + - +
=

!

@Hs�a�hejHs�a�he

lª�³

dn@���4c�he¹L�kx



��¬n

• lƢơïĄƁ�ƪơïĄƁį¬šǲ

>?CD*K= 	�


ABK= 	�
 CT<4 	�


/C?%<S 	�


3EO&@( 	�


2+@( 	�


0;RS 	�


-aRS 	�


[1] Zhan, A., Chang, M., Chen, Y., and Terzis, A, “Accurate caloric expenditure of bicyclists using cellphones,” ACM SenSys, 2012.
[2] Huang, B., Qi, G., Yang, X., Zhao, L., and Zou, H., “Exploiting cyclic features of walking for pedestrian dead reckoning with unconstrained smartphones,” ACM UbiComp, 2016.
[3] Karatas, C., Liu, L., Li, H., Liu, J., Wang, Y., Tan, S., Yang, J., Chen, Y., Gruteser, M., and Martin, R., “Leveraging wearables for steering and driver tracking,” IEEE INFOCOM, 2016.
[4] Huang, H., and Lin, S., “Toothbrushing monitoring using wrist watch,” ACM SenSys, 2016.
[5] Wen, H., Ramos Rojas, J., and Dey, A. K., “Serendipity: Finger gesture recognition using an off-the-shelf smartwatch,” ACM CHI, 2016.
[6] Wang, H., Lai, T. T. T., and Roy Choudhury, R., “Mole: Motion leaks through smartwatch sensors,” ACM MobiCom, 2015.
[7] Tian Hao, Chongguang Bi, Guoliang Xing, Roxane Chan, and Linlin Tu. 2017. Mindfulwatch: A smartwatch-based system for real-time respiration monitoring during meditation. ACM UbiComp, 2017. 
[8] Wang, L., Huang, K., Sun, K., Wang, W., Tian, C., Xie, L., and Gu, Q., “Unlock with Your Heart: Heartbeat-based Authentication on Commercial Mobile Phones,” ACM UbiComp, 2018. 



��¬n��w^a�

• ǺǮđ¹ĈAŶĶƹĈĻtƴăĀvĄ¶ĄƁǝǣǂBOìǺǮ
½ńƣǨĖȲǊïŉŚȲȒǻŅŏȲ¯ĸŉŚƚǍƝǝǣőĨȲ
į¬Ȳőȇȳ

[1] Huang, B., Qi, G., Yang, X., Zhao, L., and Zou, H., “Exploiting cyclic features of walking for pedestrian dead reckoning with unconstrained 
smartphones,” ACM UbiComp, 2016.



��¬n��b�a�

• ǺǮĈƼÅŶĶƹĈǃtƴăĀvĄ¶ĄƁƑAvÐǂBOĝ|
ƑȉǩðŌÀÝĄƁĨėǨ�B	�ǩðOìȀŰCëȖŉŚ²ǩ
ðŅŏǁü��ÐƘǩðOuȀŰ~Ơ¶�ƈƫƳƭǲǂǔ�ȳ

[1] Yafeng Yin, Lei Xie, Tao Gu, Yijia Lu and Sanglu Lu. AirContour: Building Contour-based Model for in-Air Writing Gesture Recognition. ACM 
Transactions on Sensor Networks, vol. 15, no. 4, No. 44, 2019.

3D 
gesture 
contour



��¬n��b>a�

• ǺǮȍſ¹ēȫTŶăĀvĄ¶ĄƁǌğ²ȕǌğĈ�OÝ�ǻ
ïŶÛĨǫo�ƌƈƫƳƭÔŬǌğȲȕǌğĈ�ǔ�ȳ

[1] Yilei Shi, Haimo Zhang, Kaixing Zhao, Jiashuo Cao, Mengmeng Sun, Suranga Nanayakkara. Ready, Steady, Touch! — Sensing Physical Contact 
with a Finger-Mounted IMU. ACM UbiComp, 2021.



��¬n��]§a�

• ǺǮĦƴ¹Ȯ�ŶĶƹĈĻtƴ�ǻïǍĄƁþǤOȀŰYȋŒ
ÙȢ²ÞŘ Ėǁ�þǤũúǫo�5�0~Ơ¶ǲǂǎǒOìĝ
|ƽǶîŌľǷďĻ�ĝ�r¹VªŪÿUŶƐÓĀȳ

[1] Wang, L., Huang, K., Sun, K., Wang, W., Tian, C., Xie, L., and Gu, Q., “Unlock with Your Heart: Heartbeat-based Authentication on Commercial 
Mobile Phones,” ACM UbiComp, 2018. 



4ct/��d&`_+aE�T|W.a�

• ÎaÂdĈƼÅŶĶƹĈǃtƴăĀvĄ¶ĄƁ��Ɗ�ŧǂBR
MrAOŧ�tƴaƆȄOedĈǃAŶƆ�ǍĄƁrǯ�4

[1] Huang, H., and Lin, S., “Toothbrushing monitoring using wrist watch,” ACM SenSys, 2016.



4ct/��d&`_+aE�T|W.a�

• ĄƁŧ�į^²Ǩ�

�°,� �°k,



4ct/��d&`_+aE�T|W.a�

• ĄƁŧ�į^²Ǩ�

�U�¥h"|T��°k,�o!�·Âo
!½¾·Âo!O�·Âo ½¾·��3� |T��°lª



4ct/��d&`_+aE�T|W.a�

• ½ńƣǨĖPÝvĄ¶ĨėűǑÆ½ńƣǨĖ�Ǧz½ńƣ

�BT|W.lW�b�¿^pt



4ct/��d&`_+aE�T|W.a�

• �ŧ�bǔ�Pĝ��ūȰØïȲLŻpƣĨȲÂdCą~Ŷǯ�
į¬Ȳë¼hȲįäȲiïƚũúOȀŰ�Ơ5�0~Ơ¶�~ŏƅȲ
Vŏƅ�ŧǂBOȀŰȪƤǙ¦ĭ~Ơ¶~Ơ��Ɗ�ŧ�b



��	�
�

PART.5



%��a�co

• IưƄǺǮĔťũÓŶǇû~å¹Iưë
ȖTŶOȡŵŻȉŶ¸øǐ÷gĂȳ

• IưƄ~BÃ¡ó²ƂȊó
• =PG��SG4j>��|]q=P}L
1	0�����
�	0�������
����u�
• p�G4%p�mHGyL�if�r9�-
�� itl�r9�- 
1���	�
�~����D�7��oai�$�

��

��

)�

�������	�� �(



%��a�co��dn@�

• ¸jșÅŮ

• Ó^^ƴęŚ¸øPǺǮ^ƴęŚ¸ø�
�
	
�
�ŶũúŃċOŕ
ë²¿źį¬ĊĜũú

4� ��	



%��a�co��dn@�

• Ǹǈ Ė

• ǕƄ²ŅȞPÝĨė�ǨB�²�ŶŔũřOìŰ4$$#�5+B+C+D
ƥȅƝŗÙŔũřŅȞ²ƥȅȳ



%��a�co����¬n

• lƜ�IưƄĄƁ�ȟŊŶO»ĵŻpŶIưƄĄƁ

[1] Jiamei Lv, Yuxuan Zhang, Wei Dong, Yi Gao, Chun Chen, A General Approach to Robust QR Codes Decoding. 2020 IEEE/ACM IWQoS.
[2] Palomäki, Roope, Maria L. Montoya Freire, and Mario Di Francesco, Distance-Dependent Barcodes for Context-Aware Mobile Applications, MobileHCI ’20.

[1]

[2]



%��a�co����¬n�»v�%��a�

• ĤǲŬķŶ34ƄŉŚƝŗOŇėŵȡhȅĘ�ŶƬŀũúĝ|
aȬ ŅŏĻ�OcŰş�Ɠ¢Ľ�ǿ34ƄAŶœ@Ō¾ȳì
Ƭ©È@34ƄȂŀÒĪŹńOǋxǾ~V¥ǆȈțȳ

[1] Jiamei Lv, Yuxuan Zhang, Wei Dong, Yi Gao, Chun Chen, A General Approach to Robust QR Codes Decoding. 2020 IEEE/ACM IWQoS.

[1]
$!�)�
2>?7:FCD
���



%��a�co����¬n�¦��3�%��a�

• ȀŰȜƾŜ©bBÔŬǡƉdǜĀŶpȆČĺOìǑǍaȣƊķ
ħŶƱƄįňV�~ǰǡƉŰć²ǳǡƉŰćȳ

[1] Palomäki, Roope, Maria L. Montoya Freire, and Mario Di Francesco, Distance-Dependent Barcodes for Context-Aware Mobile Applications, MobileHCI ’20.

[1]



%��a�co��4cW�

• IưƄƍ�ĢnPµÖÝǛŨĢngĂƱƄ«VIưƄŶįó®
ŬOȘÕǺǮƍ�ǑÆĊĜìǋŁIưƄOǲǂŝ�ǛŨǧȲU
�ȲĢnƚġbȳ



���a�co

• 	
 Pǟ×æİƨǺgČĺ��BHF!��A#$"!D# ȳ

• 	
 ģ�sķƧƋĆýƋƦVUŶĿƒƺwĽ
ÔŬİƨvǫȲƑȉĄƁȲǂBĄƁȳ

• 	
 ���� ������A �����A �����ȳ

AB9*"

(3�&



dn@�

• ��)ČĺÂd/4���)g§ƺ
w
• /4���)cŰƃŶƹȃƺwí
�OÝg§�Üȳ
• /4���)g§0GǴƯŘg§P
����¿£��³��ÂÁ¯|
�¿£�
�Ã�q¹� 
������BÊ
���³�|"UO�¸½�3Ã��Á�'

����"UVLcGÊ
����M3³�|"UK��^ÂÊ

<?8AB97@IGHDE

[1] Abraha S T, Okonkwo C, Gamage P A, et al. Routing of power efficient IR-UWB wireless and wired services for in-building network applications[J]. Journal of Lightwave Technology, 
2012, 30(11): 1651-1663.
[2]Zou Z, Mendoza D S, Wang P, et al. A low-power and flexible energy detection IR-UWB receiver for RFID and wireless sensor networks[J]. IEEE Transactions on Circuits and Systems I: 
Regular Papers, 2011, 58(7): 1470-1482.



�²Q,dn@�
���
�Ű��)ČĺŚüÓ^ńƛŻÙdY@VªÓ^ÂƕDȉİƨŲg§
vĠŶĲȉäP

[1] Chu Y, Ganz A. A UWB-based 3D location system for indoor environments[C]//2nd International Conference on Broadband Networks, 2005. IEEE, 2005: 1147-1155.



��¬n��hAuy

• /4���)ȓǭǁ�g§OǺǮ��ƌČĺǓ]gǼƺw³îOŠ
�ļŘOÚċķħãhȳÝ�ūg§�~È@ŻêƟOƚsdŹ
ńĨȃȳ

[1] Li Y, Jing X, Lv H, et al. Analysis of characteristics of two close stationary human targets detected by impulse radio UWB radar[J]. Progress In Electromagnetics Research, 2012, 126: 
429-447.



��¬n��b>£9

• �Ű/4���)ȓǭǁ�ǁ�Ĉ�Ŷ�Üg§OÝĈ�ĒƯĲȉ~
ąÈ@Ǿ~OƈƫƳƭǏƩVǲǂĈēǍĨ~Ơȳ

[1] Faheem Khan, Seong Kyu Leem:Algorithm for fingers counting gestures using IR-UWB radar sensor.



��¬n���DG\uy

• �Ű/4���)ȓǭǁ�lPz�ÜŶ°ȦǗŘg§ȳ�ŰƽŻp�ĬPz
ǯ�ŪÿO�ĬBȔŎŪÿĲOcŰȤȁ¦ ĖƚįóÝþūg§l°
ȦǗŘA~Ɖ|ĽO]Ǎþūȳ

[1]Khan, Faheem, and Sung Ho Cho. "A detailed algorithm for vital sign monitoring of a stationary/non-stationary human through ir-uwb radar." Sensors 17.2 (2017): 290.



4ct/

• ē¬hLPĈĻŶ��)ǀŦ�Üƺwg§OĚ�ĶƹÖstƴËƨ
Ȋ�Ŷ�Üg§ȳcŰ6�1(ƚƝŗĄƁǑÆDȉŶǡƉ²ǊïOÙ
ēÓǡƉ²ǊïŶǑ��Üě�±oOÔŬŰćWǑÆŶē¬ĀhLȳ



���


