REFERENCES

[1]

[3]

[5]

S. Hess, G. Segarra, K. Evensen, A. Festag, T. Weber, S. Cadzow, M. Arndt, and
A. Wiles, “Towards standards for sustainable its in europe,” ITS World Congress,
01 2009.

“Motor traffic (signs, signals, symbols and road markings) regulations
no. 02 of 2015, Ministry of Transport and Civil Aviation, Democratic
Socialist Republic of Sri Lanka, Colombo, Sri Lanka, Gazette Extraordinary
1940/21, November 2015, accessed: 2025-05-03. [Online]. Available:
https://documents.gov.lk/view/extra-gazettes/2015/11/1940-21_E.pdf

B. Noh, H. Park, S. Lee, and S.-H. Nam, ‘“Vision-based pedestrian’s
crossing risky behavior extraction and analysis for intelligent mobility
safety system,” Sensors, vol. 22, no. 9, 2022. [Online]. Available: https:
/Iwww.mdpi.com/1424-8220/22/9/3451

R. Ventura, S. Roussou, A. Ziakopoulos, B. Barabino, and G. Yannis, “Using
computer vision and street-level videos for pedestrian-vehicle tracking and
behaviour analysis,” Transportation Research Interdisciplinary Perspectives,
vol. 30, p. 101366, 2025. [Online]. Available: https://www.sciencedirect.com/
science/article/pii/S2590198225000454

C. Kyrkou, “Yolopeds: Efficient real-time single-shot pedestrian detection
for smart camera applications,” CoRR, vol. abs/2007.13404, 2020. [Online].
Available: https://arxiv.org/abs/2007.13404

J. Mirlach, L. Wan, A. Wiedholz, H. E. Keen, and A. Eich, “R-livit: A
lidar-visual-thermal dataset enabling vulnerable road user focused roadside
perception,” 2025. [Online]. Available: https://arxiv.org/abs/2503.17122

H. Huang and S. Lin, “Widet: Wi-fi based device-free passive person detection
with deep convolutional neural networks,” Computer Communications, vol. 150,
pp. 357-366, 2020. [Online]. Available: https://www.sciencedirect.com/science/
article/pii/S0140366419301331

W. Wang, A. X. Liu, M. Shahzad, K. Ling, and S. Lu, “Device-free human activ-
ity recognition using commercial wifi devices,” IEEE Journal on Selected Areas
in Communications, vol. 35, no. 5, pp. 1118-1131, 2017.

N. Damodaran and J. Schifer, “Device free human activity recognition using wifi
channel state information,” in 2019 IEEE SmartWorld, Ubiquitous Intelligence

79


https://documents.gov.lk/view/extra-gazettes/2015/11/1940-21_E.pdf
https://www.mdpi.com/1424-8220/22/9/3451
https://www.mdpi.com/1424-8220/22/9/3451
https://www.sciencedirect.com/science/article/pii/S2590198225000454
https://www.sciencedirect.com/science/article/pii/S2590198225000454
https://arxiv.org/abs/2007.13404
https://arxiv.org/abs/2503.17122
https://www.sciencedirect.com/science/article/pii/S0140366419301331
https://www.sciencedirect.com/science/article/pii/S0140366419301331

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Computing, Advanced Trusted Computing, Scalable Computing Communica-
tions, Cloud Big Data Computing, Internet of People and Smart City Innovation
(SmartWorld/SCALCOM/UIC/ATC/CBDCom/IOP/SCI), 2019, pp. 1069-1074.

D. Wu, D. Zhang, C. Xu, Y. Wang, and H. Wang, “Widir: walking direction
estimation using wireless signals,” in Proceedings of the 2016 ACM International
Joint Conference on Pervasive and Ubiquitous Computing, ser. UbiComp ’16.
New York, NY, USA: Association for Computing Machinery, 2016, p. 351-362.
[Online]. Available: https://doi.org/10.1145/2971648.2971658

M. Ogawa and H. Munetomo, “Wi-fi csi-based outdoor human flow prediction
using a support vector machine,” Sensors, vol. 20, p. 2141, 04 2020.

Z. Pu, Q. Zhang, Y. Zhuang, Y. Lv, and Y. Wang, “A device-free wi-fi sensing
method for pedestrian monitoring using channel state information,” 08 2020, pp.
207-220.

M. Haferkamp, B. Sliwa, and C. Wietfeld, “A low cost modular radio tomogra-
phy system for bicycle and vehicle detection and classification,” in 2021 IEEE
International Systems Conference (SysCon), 2021, pp. 1-7.

R. Sandaruwan, I. Alagiyawanna, S. Sandeepa, S. Dias, and D. Dias, “Device-
free pedestrian count estimation using wi-fi channel state information,” in 2021
IEEE International Intelligent Transportation Systems Conference (ITSC), 2021,
pp- 2610-2616.

Tektronix.  (2014)  Wi-fi: Overview of the 802.11  phys-
ical layer and transmitter  measurements.  Accessed: 2025-
05-03. [Online]. Available: https://www.tek.com/en/documents/primer/

wi-fi-overview-80211-physical-layer-and-transmitter-measurements

Extreme Networks, “OFDM and OFDMA Subcarriers — What Are the
Differences?” 2018. [Online]. Available: https://www.extremenetworks.com/
resources/blogs/ofdm-and-ofdma-subcarriers-what-are-the-differences

BPlus Technology Inc., “Discontinued mp2w-5300 adapter,” http://www.bplus.
com.tw/Adapter/Discontinued_MP2W_5300.html, accessed: 2025-05-12.

TP-Link Technologies Co., Ltd., “Td-w8970 | 300mbps wireless n giga-
bit adsl2+ modem router,” https://www.tp-link.com/nordic/home-networking/
dsl-modem-router/td-w8970/, accessed: 2025-05-12.

Espressif Systems, ESP32 Series Datasheet, version 4.9 ed., April 2025, 2.4
GHz Wi-Fi + Bluetooth® + Bluetooth LE SoC. [Online]. Available: https:
/Iwww.espressif.com/sites/default/files/documentation/esp32_datasheet_en.pdf

80


https://doi.org/10.1145/2971648.2971658
https://www.tek.com/en/documents/primer/wi-fi-overview-80211-physical-layer-and-transmitter-measurements
https://www.tek.com/en/documents/primer/wi-fi-overview-80211-physical-layer-and-transmitter-measurements
https://www.extremenetworks.com/resources/blogs/ofdm-and-ofdma-subcarriers-what-are-the-differences
https://www.extremenetworks.com/resources/blogs/ofdm-and-ofdma-subcarriers-what-are-the-differences
http://www.bplus.com.tw/Adapter/Discontinued_MP2W_5300.html
http://www.bplus.com.tw/Adapter/Discontinued_MP2W_5300.html
https://www.tp-link.com/nordic/home-networking/dsl-modem-router/td-w8970/
https://www.tp-link.com/nordic/home-networking/dsl-modem-router/td-w8970/
https://www.espressif.com/sites/default/files/documentation/esp32_datasheet_en.pdf
https://www.espressif.com/sites/default/files/documentation/esp32_datasheet_en.pdf

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

S. Hochreiter and J. Schmidhuber, “Long short-term memory,” Neural Computa-
tion, vol. 9, pp. 1735-1780, 11 1997.

WHO, “Road traffic injuries,” World Health Organization, Dec. 2023, accessed
December 13, 2023. [Online]. Available: https://www.who.int/news-room/
fact-sheets/detail/road-traffic-injuries

I. T. E (ITF), Road Safety Annual Report 2024. OECD/ITFE, 2024, no.
IRTAD. [Online]. Available: https://www.itf-oecd.org/sites/default/files/docs/
irtad-road-safety-annual-report-2024.pdf

C. Dhiman and D. K. Vishwakarma, “A review of state-of-the-art techniques
for abnormal human activity recognition,” Engineering Applications of
Artificial Intelligence, vol. 77, pp. 2145, 2019. [Online]. Available:
https://www.sciencedirect.com/science/article/pii/S0952197618301775

M. Ghosian Moghaddam, A. Asghar Nazari Shirehjini, and S. Shirmohammadi,
“Device-free human activity recognition: A systematic literature review,” IEEE
Open Journal of Instrumentation and Measurement, vol. 4, pp. 1-34, 2025.

F. Li, M. Al-qaness, Y. Zhang, B. Zhao, and X. Luan, “A robust and device-
free system for the recognition and classification of elderly activities,” Sensors,
vol. 16, p. 2043, 12 2016.

H. Zhang, H. Du, Q. Ye, and C. Liu, “Utilizing csi and rssi to achieve high-
precision outdoor positioning: A deep learning approach,” in ICC 2019 - 2019
IEEE International Conference on Communications (ICC), 2019, pp. 1-6.

S. Liu, Y. Zhao, and B. Chen, “Wicount: A deep learning approach for crowd
counting using wifi signals,” in 2017 IEEE International Symposium on Parallel
and Distributed Processing with Applications and 2017 IEEE International Con-
ference on Ubiquitous Computing and Communications (ISPA/IUCC), 2017, pp.
967-974.

T. Wickramarachchi, D. Dias, T. Samarasinghe, and N. Gokull, “Evalua-
tion of dsrc/wi-fi hybrid communications for intelligent transport systems,” in
2022 IEEE 25th International Conference on Intelligent Transportation Systems
(ITSC), 2022, pp. 3509-3514.

M. Miyazaki, S. Ishida, A. Fukuda, T. Murakami, and S. Otsuki, “Initial attempt
on outdoor human detection using ieee 802.11ac wlan signal,” in 2019 IEEE
Sensors Applications Symposium (SAS), 2019, pp. 1-6.

“Intelligent transportation system,”  https://www.sciencedirect.com/topics/
engineering/intelligent-transportation-system, accessed: 2025-05-03.

81


https://www.who.int/news-room/fact-sheets/detail/road-traffic-injuries
https://www.who.int/news-room/fact-sheets/detail/road-traffic-injuries
https://www.itf-oecd.org/sites/default/files/docs/irtad-road-safety-annual-report-2024.pdf
https://www.itf-oecd.org/sites/default/files/docs/irtad-road-safety-annual-report-2024.pdf
https://www.sciencedirect.com/science/article/pii/S0952197618301775
https://www.sciencedirect.com/topics/engineering/intelligent-transportation-system
https://www.sciencedirect.com/topics/engineering/intelligent-transportation-system

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

L. Figueiredo, 1. Jesus, J. Machado, J. Ferreira, and J. Martins de Carvalho, “To-
wards the development of intelligent transportation systems,” in ITSC 2001. 2001
IEEE Intelligent Transportation Systems. Proceedings (Cat. No.OITHS8585),
2001, pp. 1206—-1211.

A. Broggi, Automatic Vehicle Guidance: The Experience of the ARGO
Autonomous Vehicle, ser. G - Reference,Information and Interdisciplinary
Subjects Series. World Scientific, 1999. [Online]. Available: https://books.
google.lk/books?id=K1e55e8wiEUC

P. Bhatia, ‘“Vehicle Technologies to Improve Performance and Safety,”
University of California Transportation Center, Tech. Rep., Mar. 2003, accessed:
2025-05-13. [Online]. Available: https://escholarship.org/uc/item/4zw4mO05k

S. Lobo, A. Festag, and C. Facchi, “Enhancing the safety of vulnerable road
users: Messaging protocols for v2x communication,” in 2022 IEEE 96th Vehicu-
lar Technology Conference (VIC2022-Fall), 2022, pp. 1-7.

C. Mallawaarachchi and N. Amarasingha, “A study on pedestrian crossings in
colombo suburbs,” 01 2017, pp. 57-62.

P. Porouhan and W. Premchaiswadi, “Proposal of a smart pedestrian monitoring
system based on characteristics of internet of things (iot),” in 2020 [8th Interna-
tional Conference on ICT and Knowledge Engineering (ICTKE), 2020, pp. 1-4.

S. Srinivasan, R. Raman, C. B. Thacker, and A. Shrivastava, “Smart cross-
walk management with vehicle-to-pedestrian communication,” in 2023 Interna-

tional Conference on Sustainable Communication Networks and Application (IC-

SCNA), 2023, pp. 992-997.

T. Rengarasu, H. Jayawansa, and G. Perera, “Estimation of pedestrian walking
speeds at controlled cross walks in sri lanka -a pilot study,” 03 2012.

S. XIE, S. Wong, T. Ng, and W. Lam, “Pedestrian crossing behavior at signalized
crosswalks,” Journal of Transportation Engineering, Part A: Systems, vol. 143,
05 2017.

B. R. Kadali and P. Vedagiri, “Evaluation of pedestrian crossing speed change
patterns at unprotected mid-block crosswalks in india,” Journal of Traffic and
Transportation Engineering (English Edition), vol. 7, no. 6, pp. 832-842,
2020. [Online]. Available: https://www.sciencedirect.com/science/article/pii/
S2095756418302381

82


https://books.google.lk/books?id=K1e55e8wiEUC
https://books.google.lk/books?id=K1e55e8wiEUC
https://escholarship.org/uc/item/4zw4m05k
https://www.sciencedirect.com/science/article/pii/S2095756418302381
https://www.sciencedirect.com/science/article/pii/S2095756418302381

[41]

[42]

[43]

[44]

[406]

[47]

[48]

Daily Mirror, “From yellow to white,” Daily Mirror, 2016, accessed:
2025-05-02. [Online]. Available:  https://www.dailymirror.lk/caption_story/
From-yellow-to-white/110-120174

“National road master plan 2021-2030,” Road Development Authority, Ministry
of Highways, Democratic Socialist Republic of Sri Lanka, Colombo, Sri
Lanka, Tech. Rep., 2021, accessed: 2025-05-03. [Online]. Available: https:
//rda.gov.lk/images/publications/pdf/National_Road_Master_Plan_2021-2030/
Natinal%20Road%20Master%20Plan%202021-2030%20Main%?20Report.pdf

“Urban development authority planning and development regulations 2020,”
Ministry of Urban Development and Housing, Democratic Socialist Republic of
Sri Lanka, Colombo, Sri Lanka, Government Regulation, 2020, issued under the
Urban Development Authority Law No. 41 of 1978 and the Amendment Act No.
4 of 1982. [Online]. Available: https://documents.gov.lk/view/extra-gazettes/
2015/11/1940-21_E.pdf

Department of Transport and The Welsh Office and The Scottish Of-
fice and The Department of the Environment for Northern Ireland,
“The design of pedestrian crossings,” Department for Transport, Lon-
don, UK, Local Transport Note LTN 2/95, April 1995, third impres-
sion 2005. [Online]. Available: https://assets.publishing.service.gov.uk/media/
5a7d5cc0e5274a3356f2bc27/1tn-2-95_pedestrian-crossings.pdf

D. R. Beddiar, B. Nini, M. Sabokrou, and A. Hadid, ‘“Vision-based
human activity recognition: a survey,” Multimedia Tools Appl., vol. 79,
no. 41-42, p. 30509-30555, Nov. 2020. [Online]. Available: https:
//doi.org/10.1007/s11042-020-09004-3

L. Arrotta, G. Civitarese, X. Chen, J. Cumin, and C. Bettini, “Multi-subject
human activities: A survey of recognition and evaluation methods based on
a formal framework,” Expert Systems with Applications, vol. 267, p. 126178,
2025. [Online]. Available: https://www.sciencedirect.com/science/article/pii/
S0957417424030458

L. Gong, W. Yang, D. Man, G. Dong, M. Yu, and J. Lv, “Wifi-
based real-time calibration-free passive human motion detection,” Sensors,
vol. 15, no. 12, pp. 32213-32229, 2015. [Online]. Available: https:
/Iwww.mdpi.com/1424-8220/15/12/29896

M. Kotaru, K. Joshi, D. Bharadia, and S. Katti, “Spotfi: Decimeter
level localization using wifi,” ser. SIGCOMM °15. New York, NY, USA:

83


https://www.dailymirror.lk/caption_story/From-yellow-to-white/110-120174
https://www.dailymirror.lk/caption_story/From-yellow-to-white/110-120174
https://rda.gov.lk/images/publications/pdf/National_Road_Master_Plan_2021-2030/Natinal%20Road%20Master%20Plan%202021-2030%20Main%20Report.pdf
https://rda.gov.lk/images/publications/pdf/National_Road_Master_Plan_2021-2030/Natinal%20Road%20Master%20Plan%202021-2030%20Main%20Report.pdf
https://rda.gov.lk/images/publications/pdf/National_Road_Master_Plan_2021-2030/Natinal%20Road%20Master%20Plan%202021-2030%20Main%20Report.pdf
https://documents.gov.lk/view/extra-gazettes/2015/11/1940-21_E.pdf
https://documents.gov.lk/view/extra-gazettes/2015/11/1940-21_E.pdf
https://assets.publishing.service.gov.uk/media/5a7d5cc0e5274a3356f2bc27/ltn-2-95_pedestrian-crossings.pdf
https://assets.publishing.service.gov.uk/media/5a7d5cc0e5274a3356f2bc27/ltn-2-95_pedestrian-crossings.pdf
https://doi.org/10.1007/s11042-020-09004-3
https://doi.org/10.1007/s11042-020-09004-3
https://www.sciencedirect.com/science/article/pii/S0957417424030458
https://www.sciencedirect.com/science/article/pii/S0957417424030458
https://www.mdpi.com/1424-8220/15/12/29896
https://www.mdpi.com/1424-8220/15/12/29896

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

Association for Computing Machinery, 2015, p. 269-282. [Online]. Available:
https://doi.org/10.1145/2785956.2787487

C. Kyrkou, “Yolopeds: efficient real-time single-shot pedestrian detection for
smart camera applications,” IET Computer Vision, vol. 14, no. 7, p. 417425,
Oct. 2020. [Online]. Available: http://dx.doi.org/10.1049/iet-cvi.2019.0897

G. Jocher, A. Chaurasia, and J. Qiu, “Ultralytics yolov8,” 2023. [Online].
Available: https://github.com/ultralytics/ultralytics

R. Korbmacher and A. Tordeux, ‘“Review of pedestrian trajectory prediction
methods: Comparing deep learning and knowledge-based approaches,” IEEE
Transactions on Intelligent Transportation Systems, vol. 23, no. 12, pp. 24 126—
24 144, 2022.

C. Premebida, O. Ludwig, and U. Nunes, “Lidar and vision-based pedestrian
detection system,” Journal of Field Robotics, vol. 26, pp. 696-711, 09 2009.

T. Sarsodia, U. R. Bhatt, R. Upadhyay, and V. Bhat, “A survey on different ap-
plication areas based on rss (received signal strength) and possible hardware and
software tools for the collection of rss,” in 2022 IEEE International Conference
on Current Development in Engineering and Technology (CCET), 2022, pp. 1-6.

M. I. M. Ismail, R. A. Dzyauddin, S. Samsul, N. A. Azmi, Y. Yamada, M. F. M.
Yakub, and N. A. B. A. Salleh, “An rssi-based wireless sensor node localisation

using trilateration and multilateration methods for outdoor environment,” 2019.
[Online]. Available: https://arxiv.org/abs/1912.07801

Y. Ma, G. Zhou, and S. Wang, “Wifi sensing with channel state information:
A survey,” ACM Comput. Surv., vol. 52, no. 3, Jun. 2019. [Online]. Available:
https://doi.org/10.1145/3310194

S. M. Hernandez and E. Bulut, “Wifi sensing on the edge: Signal processing
techniques and challenges for real-world systems,” IEEE Communications Sur-
veys Tutorials, vol. 25, no. 1, pp. 4676, 2023.

J. Yang, “Awesome wifi csi sensing: A curated list of papers and resources on wifi
csi sensing,” https://github.com/Marsrocky/Awesome- WiFi-CSI-Sensing, 2022.

T. G. Balbuzanov and B. 1. Evstatiev, “Pedestrian presence detection system
based on image processing,” in 2019 IEEE 25th International Symposium for
Design and Technology in Electronic Packaging (SIITME), 2019, pp. 110-113.

84


https://doi.org/10.1145/2785956.2787487
http://dx.doi.org/10.1049/iet-cvi.2019.0897
https://github.com/ultralytics/ultralytics
https://arxiv.org/abs/1912.07801
https://doi.org/10.1145/3310194
https://github.com/Marsrocky/Awesome-WiFi-CSI-Sensing

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

T. Choubisa, R. Upadrashta, S. Panchal, A. Praneeth, H. Ranjitha, K. Senthoor,
A. Bhattacharya, S. Anand, M. Hegde, A. Kumar, P. V. Kumar, M. S. Iyer,
A. Sampath, T. Prabhakar, J. Kuri, and A. N. Singh, “Challenges in develop-
ing and deploying a pir sensor-based intrusion classification system for an out-
door environment,” in 2016 IEEE 41st Conference on Local Computer Networks
Workshops (LCN Workshops), 2016, pp. 148—155.

A.-M. Ciilean, C. Beguni, S.-A. Avdtamanitei, M. Dimian, and V. Popa, “Design,
implementation and experimental investigation of a pedestrian street crossing
assistance system based on visible light communications,” Sensors, vol. 22,
no. 15, 2022. [Online]. Available: https://www.mdpi.com/1424-8220/22/15/5481

A. Rudyk, A. Semenov, S. Baraban, O. Semenova, P. Kulakov, O. Kustovskyj,
and L. Brych, “Influence of environmental factors on the accuracy of the
ultrasonic rangefinder in a mobile robotic technical vision system,” Electronics,
vol. 14, no. 7, 2025. [Online]. Available: https://www.mdpi.com/2079-9292/14/
7/1393

H. Zhang, H. Du, Q. Ye, and C. Liu, “Utilizing csi and rssi to achieve high-
precision outdoor positioning: A deep learning approach,” in ICC 2019 - 2019
IEEE International Conference on Communications (ICC), 2019, pp. 1-6.

F. Abuhoureyah, W. Yan Chiew, A. S. Bin Mohd Isira, and M. Al-
Andoli, “Free device location independent wifi-based localisation using
received signal strength indicator and channel state information,” IET Wireless
Sensor Systems, vol. 13, no. 5, pp. 163-177, 2023. [Online]. Available:
https://ietresearch.onlinelibrary.wiley.com/doi/abs/10.1049/wss2.12065

T. Z. Chowdhury, C. Leung, and C. Y. Miao, “Wihacs: Leveraging wifi for human
activity classification using ofdm subcarriers’ correlation,” in 2017 IEEE Global
Conference on Signal and Information Processing (GlobalSIP), 2017, pp. 338—
342.

Y. Zeng, P. H. Pathak, and P. Mohapatra, “Wiwho: Wifi-based person identifi-
cation in smart spaces,” in 2016 15th ACM/IEEE International Conference on
Information Processing in Sensor Networks (IPSN), 2016, pp. 1-12.

“Integrated sensing and communication emerging technology initiative,” IEEE
Communications Society. [Online]. Available: https://isac.committees.comsoc.
org/

IEEE Standards Association. (2024) The evolution of wi-fi technology
and standards. [Online]. Available: https://standards.ieee.org/beyond-standards/
the-evolution-of-wi-fi-technology-and-standards

85


https://www.mdpi.com/1424-8220/22/15/5481
https://www.mdpi.com/2079-9292/14/7/1393
https://www.mdpi.com/2079-9292/14/7/1393
https://ietresearch.onlinelibrary.wiley.com/doi/abs/10.1049/wss2.12065
https://isac.committees.comsoc.org/
https://isac.committees.comsoc.org/
https://standards.ieee.org/beyond-standards/the-evolution-of-wi-fi-technology-and-standards
https://standards.ieee.org/beyond-standards/the-evolution-of-wi-fi-technology-and-standards

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

S. Tan, Y. Ren, J. Yang, and Y. Chen, “Commodity wifi sensing in ten years:
Status, challenges, and opportunities,” IEEE Internet of Things Journal, vol. 9,
no. 18, pp. 17 832-17 843, 2022.

E. Soltanaghaei, R. A. Sharma, Z. Wang, A. Chittilappilly, A. Luong, E. Giler,
K. Hall, S. Elias, and A. Rowe, “Robust and practical wifi human sensing
using on-device learning with a domain adaptive model,” in Proceedings
of the 7th ACM International Conference on Systems for Energy-Efficient
Buildings, Cities, and Transportation, ser. BuildSys 20. New York, NY, USA:
Association for Computing Machinery, 2020, p. 150-159. [Online]. Available:
https://doi.org/10.1145/3408308.3427983

Y. Li, “Ofdm for wireless communications: techniques for capacity improve-
ment,” in ICCT’98. 1998 International Conference on Communication Technol-
0gy. Proceedings (IEEE Cat. No.98EX243), vol. 2, 1998, pp. 5 pp. vol.2—.

Z. Yang, K. Qian, C. Wu, Y. Zhang, G. Zhang, Y. Zheng, and G. Chi, “Hands-
on wireless sensing with wi-fi: A tutorial,” https://tns.thss.tsinghua.edu.cn/wst/,
2022, accessed: 2025-05-01.

S. ten Brink, “Enhancing wi-fi communication with ef-
fective csi approximations,’ Research Outreach, no. 137,
2023. [Online]. Available: https://researchoutreach.org/articles/

enhancing-wi-fi-communication-with-effective-csi-approximations/

D. Halperin, W. Hu, A. Sheth, and D. Wetherall, “Tool release: Gathering
802.11n traces with channel state information,” Computer Communication Re-
view, vol. 41, p. 53, 01 2011.

GGS Data AB, “5300 series laptop accessories specification sheet,” http://www.
ggsdata.se/laptops/bilder/accessories/5300.pdf, n.d.

Intel Corporation, “Intel® wifi link 5300,” https://www.intel.com/content/
www/us/en/support/products/70971/wireless/legacy-intel-wireless-products/
intel-wireless-series/intel-wifi-link-5300.html, n.d., accessed: 2025-05-03.

B. S. da Silva, G. T. Laureano, A. S. Abdallah, and K. V. Cardoso, “Widmove:
Sensing movement direction using ieee 802.11n interfaces,” in 2018 IEEE Cana-
dian Conference on Electrical Computer Engineering (CCECE), 2018, pp. 1-4.

S. Kato, T. Fukushima, T. Murakami, H. Abeysekera, Y. Iwasaki, T. Fujihashi,
T. Watanabe, and S. Saruwatari, “Csi2image: Image reconstruction from channel

state information using generative adversarial networks,” IEEE Access, vol. PP,
pp. 1-1, 03 2021.

86


https://doi.org/10.1145/3408308.3427983
https://tns.thss.tsinghua.edu.cn/wst/
https://researchoutreach.org/articles/enhancing-wi-fi-communication-with-effective-csi-approximations/
https://researchoutreach.org/articles/enhancing-wi-fi-communication-with-effective-csi-approximations/
http://www.ggsdata.se/laptops/bilder/accessories/5300.pdf
http://www.ggsdata.se/laptops/bilder/accessories/5300.pdf
https://www.intel.com/content/www/us/en/support/products/70971/wireless/legacy-intel-wireless-products/intel-wireless-series/intel-wifi-link-5300.html
https://www.intel.com/content/www/us/en/support/products/70971/wireless/legacy-intel-wireless-products/intel-wireless-series/intel-wifi-link-5300.html
https://www.intel.com/content/www/us/en/support/products/70971/wireless/legacy-intel-wireless-products/intel-wireless-series/intel-wifi-link-5300.html

[78] A. Zhuravchak, O. Kapshii, and E. Pournaras, “Human activity recognition
based on wi-fi csi data -a deep neural network approach,” Procedia Computer
Science, vol. 198, pp. 59—-66, 2022, 12th International Conference on Emerging
Ubiquitous Systems and Pervasive Networks / 11th International Conference on
Current and Future Trends of Information and Communication Technologies in
Healthcare. [Online]. Available: https://www.sciencedirect.com/science/article/
pii/S1877050921024509

[79] Espressif Systems, “Esp-csi: Applications based on wi-fi channel state informa-
tion,” https://github.com/espressif/esp-csi, 2025.

[80] M. Atif, M. Shapna, H. Ko, and B. Yoo, “Wi-esp—a tool for csi-based device-
free wi-fi sensing (dfws),” Journal of Computational Design and Engineering,
vol. 7, pp. 644-656, 10 2020.

[81] S. M. Hernandez and E. Bulut, “Lightweight and Standalone IoT Based WiFi
Sensing for Active Repositioning and Mobility,” in 21st International Sympo-
sium on "A World of Wireless, Mobile and Multimedia Networks" (WoWMoM)
(WoWMoM 2020), Cork, Ireland, Jun. 2020.

[82] S. Yousefi, H. Narui, S. Dayal, S. Ermon, and S. Valaee, “A survey on behavior
recognition using wifi channel state information,” IEEE Communications Maga-
zine, vol. 55, no. 10, pp. 98-104, 2017.

[83] Raspberry Pi Foundation. (2025) Raspberry pi official website. [Online].
Available: https://www.raspberrypi.com/

[84] F. Gringoli, M. Schulz, J. Link, and M. Hollick, “Free your csi: A channel state
information extraction platform for modern wi-fi chipsets,” in Proceedings of
the 13th International Workshop on Wireless Network Testbeds, Experimental
Evaluation & Characterization, ser. WINTECH ’19. New York, NY, USA:
Association for Computing Machinery, 2019, p. 21-28. [Online]. Available:
https://doi.org/10.1145/3349623.3355477

[85] L. Hattersley, “Raspberry pi 4 vs raspberry pi 3b+,” The MagPi Magazine, 2019,
accessed: 2025-05-03. [Online]. Available: https://magazine.raspberrypi.com/
articles/raspberry-pi-4-vs-raspberry-pi-3b-plus

[86] G.  Halfacree. (2023) Raspberry pi 5 review —  hands-
on with the most powerful raspberry pi yet.  Accessed:
2025-05-07. [Online]. Available: https://www.hackster.io/news/

raspberry-pi-5-review-hands-on-with-the-most-powerful-raspberry-pi-yet-57efaf6 1b10f

87


https://www.sciencedirect.com/science/article/pii/S1877050921024509
https://www.sciencedirect.com/science/article/pii/S1877050921024509
https://github.com/espressif/esp-csi
https://www.raspberrypi.com/
https://doi.org/10.1145/3349623.3355477
https://magazine.raspberrypi.com/articles/raspberry-pi-4-vs-raspberry-pi-3b-plus
https://magazine.raspberrypi.com/articles/raspberry-pi-4-vs-raspberry-pi-3b-plus
https://www.hackster.io/news/raspberry-pi-5-review-hands-on-with-the-most-powerful-raspberry-pi-yet-57efaf61b10f
https://www.hackster.io/news/raspberry-pi-5-review-hands-on-with-the-most-powerful-raspberry-pi-yet-57efaf61b10f

[87]

[88]

[89]

[90]

[91]

J. Schifer, B. R. Barrsiwal, M. Kokhkharova, H. Adil, and J. Liebehenschel,
“Human activity recognition using csi information with nexmon,” Applied
Sciences, vol. 11, no. 19, 2021. [Online]. Available: https://www.mdpi.com/
2076-3417/11/19/8860

T. Li, C. Shi, P. Li, and P. Chen, “A novel gesture recognition system based on csi
extracted from a smartphone with nexmon firmware,” Sensors, vol. 21, p. 222, 12
2020.

“Intelligent Transport Systems (ITS); Vulnerable Road Users (VRU) awareness;
Part 3: Specification of VRU awareness basic service; Release 2,” European
Telecommunications Standards Institute (ETSI), Tech. Rep. TS 103 300-3
V2.2.1, February 2023. [Online]. Available: https://www.etsi.org/deliver/etsi_ts/
103300_103399/10330003/02.02.01_60/ts_10330003v020201p.pdf

Espressif Systems, “ESP-IDF Programming Guide: Wi-Fi APIs,” 2024,
accessed: 2025-05-08. [Online]. Available: https://docs.espressif.com/projects/
esp-idf/en/stable/esp32/api-guides/wifi.html

X. Wang, L. Gao, S. Mao, and S. Pandey, “Csi-based fingerprinting for indoor
localization: A deep learning approach,” IEEE Transactions on Vehicular Tech-
nology, vol. 66, no. 1, pp. 763-776, 2017.

88


https://www.mdpi.com/2076-3417/11/19/8860
https://www.mdpi.com/2076-3417/11/19/8860
https://www.etsi.org/deliver/etsi_ts/103300_103399/10330003/02.02.01_60/ts_10330003v020201p.pdf
https://www.etsi.org/deliver/etsi_ts/103300_103399/10330003/02.02.01_60/ts_10330003v020201p.pdf
https://docs.espressif.com/projects/esp-idf/en/stable/esp32/api-guides/wifi.html
https://docs.espressif.com/projects/esp-idf/en/stable/esp32/api-guides/wifi.html



