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Abstract: The development of human-following robots is a critical area within human-robot interaction, with
applications in assistive healthcare, industrial logistics, and social companionship (Eirale et al., 2025; Islam et al., 2019).
This paper presents the design of an autonomous mobile robot capable of real-time target tracking and following. The
proposed system utilizes a multi-sensor approach—integrating RGB-D cameras for person detection and ultrasonic
sensors for precise distance estimation (Fung et al., 2025; Rashid et al., 2012). The methodology leverages the Robot
Operating System framework to coordinate perception and control (Pavlova & Bahrami, 2025 Priyvandoko et al., 2018).
Experimental results indicate that the robot can maintain a consistent following distance of approximately 1.3 meters and
adapt to walking speeds of up to 0.7 m/s (Amaya et al., 2024; Gockley et al., 2007). This research addresses key
challenges in perception and navigation, providing a foundation for reliable service robots in human-centric environments
(Eirale et al., 2025).
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INTRODUCTION

Autonomous human-following systems serve as a cornerstone for collaborative robotics, enabling mobile platforms to
seamlessly assist users across healthcare, logistics, and social service environments (Eirale et al., 2025; Islam et al., 2019).
These systems rely on sophisticated sensor fusion techniques—such as integrating LIiDAR with Ultra-Wideband and
computer vision—to maintain continuous tracking while navigating dynamic, unpredictable workspaces (Lyu & Wu,
2025). Recent advancements have extended these capabilities beyond simple rear-following architectures to include
frontal-following methods, which improve user trust and facilitate more natural human-robot interaction (Gao et al.,
2025). Furthermore, implementing multimodal behavior controllers and advanced re-identification algorithms has
become critical for ensuring system resilience when targets are momentarily occluded or lost in cluttered settings (Zhai
et al., 2024). To enhance operational robustness in diverse settings, recent frameworks have shifted toward mapless
navigation strategies, utilizing real-time local mapping and modified trajectory-planning algorithms to avoid non-drivable
areas (Zhou et al., 2024), (Li et al., 2026). These navigation strategies are often augmented by optimization functions that
dynamically adjust tracking positions to accommodate complex environmental constraints (Vu et al., 2025). Additionally,
the integration of wearable inertial measurement units has emerged as a promising approach to refine full-body posture
estimation, allowing robots to better anticipate human movement patterns during prolonged navigation (Cifuentes et al.,
2014). Beyond mere navigation, current research increasingly prioritizes path smoothing through algorithms such as
Jump Point Search and Bezier trajectory optimization, which ensure the robot maintains a stable relative position even
when maneuvering through irregular terrain (Zhang & Wu, 2025). These methodologies are particularly vital in
agricultural settings, where terrain irregularities necessitate precise path planning to reduce the physical labor associated
with transporting goods (Sarmento et al., 2024). Beyond standard locomotion, overcoming line-of-sight constraints
remains a significant challenge, prompting the adoption of sensor fusion strategies that mitigate failures caused by
adverse weather or airborne particulates (Deremetz et al., 2020).

LITERATURE REVIEW

Research in person-following has evolved through various sensor modalities. Early systems utilized LiDAR for leg
tracking, though these were often limited by occlusions in crowded areas (Gockley et al., 2007). Modern approaches
favor RGB-D sensors, which combine visual and depth data for more accurate identification (Amaya et al., 2024; Fung
et al., 2025). For state estimation, Kalman Filters are frequently used to predict target movement (Fung et al., 2025),
while Extended Kalman Filters are employed to fuse data from cameras and laser scanners for improved tracking accuracy
(Antonucci et al., 2023). Control strategies vary from standard PID techniques for smooth response in structured
environments (Pavlova & Bahrami, 2025) to Fuzzy Inference Systems that handle the uncertainties of human motion
(Jeyatharan et al., 2021; Rashid et al., 2012). Recent advancements also include Deep Reinforcement Learning to manage
complex obstacle and occlusion scenarios (Leisiazar et al., 2023).

© 1JARCCE This work is licensed under a Creative Commons Attribution 4.0 International License 1396


https://ijarcce.com/
https://ijarcce.com/
https://dummy-citation.com/citation?d=z%3AlVXNbiNFEM6ileDAcgZx6Tu2Y8dOyO4tBC9EELGKFuXcM10zU%2Bue7lF3j3847YpXgYfIy3DkxjvwVY%2FjBK12JSTb8vTUz1dffVX97u7ok8oHrtl9ajY%2BrO6Ovmh0EVPQZdo9%2FefSW6sLH3TiNSntjCp922nH3qngC5%2Bi0gEvkkoNKUSiKniXlK9UorJx3vqaS20VO%2BfXiOLdSCG4i7Bt2dWq6VvtxjkWjBJJYomevNLGBIrIoDZsSMGrphxZxxVOAUZs15yY4kS9bjiqQGumjeqCX8NFXAVvoIZclApoq5E148iRALrsQyBAjkmnHB45SYeyUbDJ6FCXtX4jaCVp3bPRriSgSo3SffLOt76PqvUFW%2BDMvEzUpV9TECfJQmtv%2B%2Fu0hwwgq82vGfG6%2B7rlwAJMTKBgLalaAIwwwisUCcb1SG0AHUY1uvebFMYxSTLLwmHq0ZVCRzJSxVoHFoA6pcBFj8iS0PZGHComa6LA0l1n0ax9kw7tgzW1nfU7MqNMQPQlo6W6FMwaNXPaTdQt8AT0At22O9hpuwOug2SAJzM89tUYBY51QHUdGqXLJuNRHYU9CVki5QroRqqz2rn8r4SwgrcDhg%2FIZqQarhuLbyYDiTgoqioSoZDLaoJ3RTryI%2BBVH2AaVGl1jFztABXkANaBwkfcKONbzS6qDVxIYEccvq%2BRDGCQqpihYC57qwPYYRBSpqpHMbGHDnRUDWmbmhKmqDmHFIqBBqxBASMlrUCLyzgQkHwf7tPkGqB3lwS7eMNSNF02aAZhbIayfZ8sO4i8I9AN8iy1COfBTxZqILQKWjO5zijzDGqylg6SNQyr%2FHqifgGE%2FcRpbqNoN1KQRSGTV%2Fl%2BHwmVYDGALJkaCXofDUgzsC63T0xxMoIJ4GdE0nN2PXrwsECyh6E1Wd%2FJYAxzQTgSkeYTEfPDXO4XlST%2B2DxPrCg6ouHfy1ydTE%2FOxtN5KxDQbgpXrvJ3R09rRG58iG%2Ft0MWX%2BPpgFpPTU0INllZXy%2BVSXeRYlYx9S8%2B6Q5SfPVTkw93RE%2B50TTey1LCEueIQ0yucfPXH3w1kOPz%2F85nNspepRc7fYWmcbsWjqrDK7K5actCWqBZ9VxcOK1MbjAkdvW9bX4sIHQ%2FGdK374D9ky5cN64JCvQ%2FdwLck8DY4lGwiyCiN5%2B3Xs%2BlkNps%2BPx74m4C508n8dHE%2Bmy8Mx8K9xW907%2FhkdvZ8PD%2BdnzWiQKDerm4Xi%2Bn5fHF%2B9u38DYzQaSH%2FjYQYT2f4tF1fWI6QysD%2Fk4xzO7tyGIaEXSbNXlpoMuSLRjo6PHqHYVFLh7uNIKsVRIeZKenXYLffNCl18cXxMfBPfKiPP1JCHfsi7TrhZpWH2NJrPD4RtfrqJ3bm8TEl2X%2BwtSU2sflud4kxSJ%2BnwwCYW1yzMZ9%2B%2BdegmO2rH7MuX%2F5Hlz%2Fc3zPFTl08qPl6uGVusqhfqAvcM49vuJs8j0YAf4ar7f%2BV%2Bi8%3D
https://dummy-citation.com/citation?d=z%3A7VZLbhw3EB07MZJFsreBLLgNoBlprJGseOePDDuxgcAfyLuATVZ3U8NmdfiZUWfl%2BFY6R3Y5RM6QR3ZLGMcIcoBoocGIIqtevfeqSr9fzr6o2ZvGuK%2Fo18SRhjt%2FPUqRHXecgmhTJ928Zmt5a1wjPHXSuCDYkeBaxJaEYo%2BPVlpLrqEgjBMdV8aS8FxxNCoI6fQUqRzhibWyYi%2BjYbcneiuHHFyK3mw4SouXeI5A5FrpVEk8xsJhJGtNQ07RQrxtTRC97MmL3lMgF5FMxC3PQ5QNiTCESF151ORsCIRLgb2oU0Dugix6eU4qsh8E99F05reCS0QWUmuE%2FZyGT8tNbu14m9FujGfXZRgZG4na%2BBDFiAUgPOuk8EbmchL%2BAuAhZ%2FJSrXPcjmLL%2BqGwtCEvIUojXpqnj14LTREQMyotoxRbE1tE6UAJjmpjI%2FnxPZA5E7o9sUXGrve8oZ3HUqmEXAOE85yaVijZIZGQIbAykxzbNov3zgLV%2FMxoqjJJmjYmQ%2B9MNI2MJKL0DUUhu8o0ycSh6J5sNPOpqKDISW94lB980wh7KiiXAYYhJAAgXuiYc1G4q9hBqpT9d62NIVD6xCegtHbYK86b1M2OjKMrkboUkS1E1kjYcIKmuOsteEBiv3ZZ0ysKYAxFdbIoEV%2BB60p78aSQM3%2FmicQr1sVvyErApydRCVF5yIpaVsiqByc72LSTfY4RSHrVCnRY8bzJnpvXOV7hdLycCxI1yWAq8L5b8d7UAASTTmgfz0NvTe6%2BXavmBJPaQFaYLDXmLEHWFIeFONuxIPA63LUwuEQceCQgL5okO0PGT5BJfQ6r7kiBOygb3WvReh4cwXxBVDIgd6ZuNIY2YAjQMw1ouYQhgYOpwuL2ic5RRCWdqLJVM59jIHQeJ69oDr4zPFSt86yIqLaDG04vILfJ3VbkDjBfEKHl7VhDdggY6Tnj%2BmcD72QdewJTBT7RCGZqFDjWYJw2G6OTtKCy49xg2eEwEjpXE0AZ6aASNNI4Y6VsGStBUF3nlgPF8Grxf0ldQE3BxxGArGO%2FyQ0bnaFxBZ6U%2Fa%2FRcm1o2qUBaIkFhqLcSIMZmwNH0cbYh4f7%2BwOnmBYV7R%2FLQ%2FMgyV%2BWq%2FVCb9mvL2ffthKJIU282QA3G%2BBmA9xsgJsN8D%2FZABYEwCukn2YD3D%2B4fzRfLrvcg5lx%2F8LVfDm708iE0eTDBwufYU08ww97fbhYHpMJIdE3FE0EoBenp6fiTRmyQfwIAdGM9YZt6ujuvf467Eu0CwJczm6ZHo30WmKYXs5umzIxf8bJvfd%2FtFZeff%2FT5pfeVFhNPnzETQ2H5hd1DafaQb0cEjUg3NXPJZ8b0nmHzD6%2FWJ1N99QZmfGSMjpczr5Ums3FveXBYrk8%2BGH%2FHItikdlYHB4dnyyPT2Doyn3AZ3AfzfLo8GC%2BOnzwHt%2BOTubLB6uTFtMHtdLF%2Bmy1Wh4cHp2sTpbnhZtC7Xmh9gDsrro%2BVRgG7RW7twrGT6l7wgmbzzYhVXHocwFr6bEBLb3Fr7fgMuL6Jzh095jgATvgrlUmkn485CjxdvRUk88rU59h3Ydyeve7UbGLN4%2FE63EdPS9d8uy6S96MXZKny87%2FBK%2FG7Y43WOXw6LvJo6c7HtUZ89doLHvx%2FZX7QO%2BCfbP%2Frwz%2FDQ%3D%3D
https://dummy-citation.com/citation?d=z%3A7VZLbhw3EB07MZJFsreBLLgNoBlprJGseOePDDuxgcAfyLuATVZ3U8NmdfiZUWfl%2BFY6R3Y5RM6QR3ZLGMcIcoBoocGIIqtevfeqSr9fzr6o2ZvGuK%2Fo18SRhjt%2FPUqRHXecgmhTJ928Zmt5a1wjPHXSuCDYkeBaxJaEYo%2BPVlpLrqEgjBMdV8aS8FxxNCoI6fQUqRzhibWyYi%2BjYbcneiuHHFyK3mw4SouXeI5A5FrpVEk8xsJhJGtNQ07RQrxtTRC97MmL3lMgF5FMxC3PQ5QNiTCESF151ORsCIRLgb2oU0Dugix6eU4qsh8E99F05reCS0QWUmuE%2FZyGT8tNbu14m9FujGfXZRgZG4na%2BBDFiAUgPOuk8EbmchL%2BAuAhZ%2FJSrXPcjmLL%2BqGwtCEvIUojXpqnj14LTREQMyotoxRbE1tE6UAJjmpjI%2FnxPZA5E7o9sUXGrve8oZ3HUqmEXAOE85yaVijZIZGQIbAykxzbNov3zgLV%2FMxoqjJJmjYmQ%2B9MNI2MJKL0DUUhu8o0ycSh6J5sNPOpqKDISW94lB980wh7KiiXAYYhJAAgXuiYc1G4q9hBqpT9d62NIVD6xCegtHbYK86b1M2OjKMrkboUkS1E1kjYcIKmuOsteEBiv3ZZ0ysKYAxFdbIoEV%2BB60p78aSQM3%2FmicQr1sVvyErApydRCVF5yIpaVsiqByc72LSTfY4RSHrVCnRY8bzJnpvXOV7hdLycCxI1yWAq8L5b8d7UAASTTmgfz0NvTe6%2BXavmBJPaQFaYLDXmLEHWFIeFONuxIPA63LUwuEQceCQgL5okO0PGT5BJfQ6r7kiBOygb3WvReh4cwXxBVDIgd6ZuNIY2YAjQMw1ouYQhgYOpwuL2ic5RRCWdqLJVM59jIHQeJ69oDr4zPFSt86yIqLaDG04vILfJ3VbkDjBfEKHl7VhDdggY6Tnj%2BmcD72QdewJTBT7RCGZqFDjWYJw2G6OTtKCy49xg2eEwEjpXE0AZ6aASNNI4Y6VsGStBUF3nlgPF8Grxf0ldQE3BxxGArGO%2FyQ0bnaFxBZ6U%2Fa%2FRcm1o2qUBaIkFhqLcSIMZmwNH0cbYh4f7%2BwOnmBYV7R%2FLQ%2FMgyV%2BWq%2FVCb9mvL2ffthKJIU282QA3G%2BBmA9xsgJsN8D%2FZABYEwCukn2YD3D%2B4fzRfLrvcg5lx%2F8LVfDm708iE0eTDBwufYU08ww97fbhYHpMJIdE3FE0EoBenp6fiTRmyQfwIAdGM9YZt6ujuvf467Eu0CwJczm6ZHo30WmKYXs5umzIxf8bJvfd%2FtFZeff%2FT5pfeVFhNPnzETQ2H5hd1DafaQb0cEjUg3NXPJZ8b0nmHzD6%2FWJ1N99QZmfGSMjpczr5Ums3FveXBYrk8%2BGH%2FHItikdlYHB4dnyyPT2Doyn3AZ3AfzfLo8GC%2BOnzwHt%2BOTubLB6uTFtMHtdLF%2Bmy1Wh4cHp2sTpbnhZtC7Xmh9gDsrro%2BVRgG7RW7twrGT6l7wgmbzzYhVXHocwFr6bEBLb3Fr7fgMuL6Jzh095jgATvgrlUmkn485CjxdvRUk88rU59h3Ydyeve7UbGLN4%2FE63EdPS9d8uy6S96MXZKny87%2FBK%2FG7Y43WOXw6LvJo6c7HtUZ89doLHvx%2FZX7QO%2BCfbP%2Frwz%2FDQ%3D%3D
https://dummy-citation.com/citation?d=z%3A7VbLbhxFFHXCc8M%2BYkOtEAJ7PONHHuxiLJOAA1KcyFJ2NV23u2%2BmuqupxzyyCoif4CsQS6%2F5E76Ec6tmRg7I7JG88GO6q26de865p%2Bbnq533aue54f4j%2Bim5SKsP%2F3jupi4GVTtr3YL7RrWp031QHJTuFdU1V0x9xAejBq%2BryJW2qiYdk6ddNWiPJ8lqb1eKexVbUpXrIy2jcrUK5OdckfJyCldhpJ64Bc3J7%2BaVnX4NPHElS2nJIQoAT4G0r1rVasFVpUBGuVI617kGVp5lwKr2rlNTark3u2rBsUUdqyPPCcAsx2hJ6RjRCqNWg%2Beo6K4VdQN5rEdRtIFq6BmotgeM1IsWnGyP3uN%2Br6zSw%2BCdrloc25KnayU9dZrBpcBZc4Nm%2FF9vf0MhJou2ajVnWuwK3Z3DZk86hOQFhjBe64oBXkfCjuRRwRc4e%2BUEBtNZFAeAL3vLM5zvtWF5Ijptmeoots6E3dLaO688zMBgXemF9tRTCJvOt2ihEpgDPeBOcMm5mUko%2BgMtVNVqa6lvUGTB1irtOZAQaSC2dUPuR5BVM3QQWx1VBdF0VSWQLhIRxO%2FwL5ZtTx0cikz1Wn%2BtZj1BDeKmjergVJ3z6ePnu9g5UMU4fyUCFJotNSBMGgNMvHBVZZMhRdBJOaFR9BS1xOc2OFRHcSOWoB4CFBmDrqm4c8MGjmBxkjEgLOR5cYtrkktXM6JBpaG4cLsRZASOKXMIlsrh8DKAh7VxR%2BrH5PP4eJ6mTLZlUIqtsBjYKDT2DpxuCdgrBG1kXU%2FDP3QvlINu13XOZDvNoZFLYrt80CDD4YFs3WzUvqGYoY%2FUhTCMJBCS4dU%2BDPCLUdPV%2BriFtjM5rNEcMQa0kV0iZKNx9g1ISiGud2V53%2FFE1LPcLlQQrAnTBSWLemHjPUGHFrTCpDgIX%2BCjsqVupC7hmMQYLa0QSg2phfOzMGiEkECqJG3K7OUTqdfYBw9AR%2Bt613EFRqaicREUUAqZ%2BWzwR6rBgKXsN3kkHinZ905oZM09Ndob1N%2FQyvKsxJK0n8c0Y6a5tvBGsR2SCDkNigAa%2BxxMsQkZvPcuNS0Ae8bHAI1yeGIPdzKjVoUKXUFcDLsANNTBceAZ1RlRj0wnJAYCUHABN8oyzUsSWBY%2BbnJTMWiIyYgtQ2ow8KBIgnELUFJ7wN2CeEABPLbwTTE9zpKEaWE7Ajg4Hmbwsgw5FyVjJGlwnEcqhkIxd4POZkODQfLGiKBXO5%2B0eipNVfH2Eru9xG4vsdtL7PYSu73E%2Fi%2BXmIUzAJzMKRpqDsYH9%2FfGk06GBllL%2Fmlfu6udDxqd4Hsf3lopUMWzfIA5HB0%2BJEbC0h2KjDth%2BcV3oFeiEiw%2BRapZy43cd5%2BrfDPCDherEKkL9dzZ1NE9Z7cDivq%2FXu3cNb3uCH%2FrWndsV9W32lG%2BYOpXyKNVMt5Z2vn3QnOpkZh55fQV3bTKXqCvuHei0xvCMMjq5jwZh3v1xsKPO9Ccl%2FKZ%2FvP3N%2BqE%2BrK4YhOudt6vjOPlp5PxaDIeP9gPk%2FHDI9B4cIyfA%2Fw%2BMhym%2FVv8Dv0vPH50MMGLR%2Fd5cvzgcG98NH7U4rYEabScXR4djR8cHx8fTo5fZ2KzLq%2BhixTbmxx2Q5paDsi7Is2dDHb52cUgtxyG5EK%2BYFT01QlGPFvyGRnWM%2BQrlKnopbfL0zbGIXy9v2%2B5n43CeucI07ifv2z0cX8w9f7N%2FYzwuglpGleD8DTL31osvcDHO7Amufp7uPH6Y4L97QprLSKDzMnqG4mju9FTjeQGXnMpwZKf3lNrM52f58jJb3LknK3n6Emeo7NtKovFn5WYWX8Bexlx0b%2BRd5tgNwL2Y4SnXX656R%2ByjZxv%2FqPTvwE%3D
https://dummy-citation.com/citation?d=z%3A7VbLbhxFFHXCc8M%2BYkOtEAJ7PONHHuxiLJOAA1KcyFJ2NV23u2%2BmuqupxzyyCoif4CsQS6%2F5E76Ec6tmRg7I7JG88GO6q26de865p%2Bbnq533aue54f4j%2Bim5SKsP%2F3jupi4GVTtr3YL7RrWp031QHJTuFdU1V0x9xAejBq%2BryJW2qiYdk6ddNWiPJ8lqb1eKexVbUpXrIy2jcrUK5OdckfJyCldhpJ64Bc3J7%2BaVnX4NPHElS2nJIQoAT4G0r1rVasFVpUBGuVI617kGVp5lwKr2rlNTark3u2rBsUUdqyPPCcAsx2hJ6RjRCqNWg%2Beo6K4VdQN5rEdRtIFq6BmotgeM1IsWnGyP3uN%2Br6zSw%2BCdrloc25KnayU9dZrBpcBZc4Nm%2FF9vf0MhJou2ajVnWuwK3Z3DZk86hOQFhjBe64oBXkfCjuRRwRc4e%2BUEBtNZFAeAL3vLM5zvtWF5Ijptmeoots6E3dLaO688zMBgXemF9tRTCJvOt2ihEpgDPeBOcMm5mUko%2BgMtVNVqa6lvUGTB1irtOZAQaSC2dUPuR5BVM3QQWx1VBdF0VSWQLhIRxO%2FwL5ZtTx0cikz1Wn%2BtZj1BDeKmjergVJ3z6ePnu9g5UMU4fyUCFJotNSBMGgNMvHBVZZMhRdBJOaFR9BS1xOc2OFRHcSOWoB4CFBmDrqm4c8MGjmBxkjEgLOR5cYtrkktXM6JBpaG4cLsRZASOKXMIlsrh8DKAh7VxR%2BrH5PP4eJ6mTLZlUIqtsBjYKDT2DpxuCdgrBG1kXU%2FDP3QvlINu13XOZDvNoZFLYrt80CDD4YFs3WzUvqGYoY%2FUhTCMJBCS4dU%2BDPCLUdPV%2BriFtjM5rNEcMQa0kV0iZKNx9g1ISiGud2V53%2FFE1LPcLlQQrAnTBSWLemHjPUGHFrTCpDgIX%2BCjsqVupC7hmMQYLa0QSg2phfOzMGiEkECqJG3K7OUTqdfYBw9AR%2Bt613EFRqaicREUUAqZ%2BWzwR6rBgKXsN3kkHinZ905oZM09Ndob1N%2FQyvKsxJK0n8c0Y6a5tvBGsR2SCDkNigAa%2BxxMsQkZvPcuNS0Ae8bHAI1yeGIPdzKjVoUKXUFcDLsANNTBceAZ1RlRj0wnJAYCUHABN8oyzUsSWBY%2BbnJTMWiIyYgtQ2ow8KBIgnELUFJ7wN2CeEABPLbwTTE9zpKEaWE7Ajg4Hmbwsgw5FyVjJGlwnEcqhkIxd4POZkODQfLGiKBXO5%2B0eipNVfH2Eru9xG4vsdtL7PYSu73E%2Fi%2BXmIUzAJzMKRpqDsYH9%2FfGk06GBllL%2Fmlfu6udDxqd4Hsf3lopUMWzfIA5HB0%2BJEbC0h2KjDth%2BcV3oFeiEiw%2BRapZy43cd5%2BrfDPCDherEKkL9dzZ1NE9Z7cDivq%2FXu3cNb3uCH%2FrWndsV9W32lG%2BYOpXyKNVMt5Z2vn3QnOpkZh55fQV3bTKXqCvuHei0xvCMMjq5jwZh3v1xsKPO9Ccl%2FKZ%2FvP3N%2BqE%2BrK4YhOudt6vjOPlp5PxaDIeP9gPk%2FHDI9B4cIyfA%2Fw%2BMhym%2FVv8Dv0vPH50MMGLR%2Fd5cvzgcG98NH7U4rYEabScXR4djR8cHx8fTo5fZ2KzLq%2BhixTbmxx2Q5paDsi7Is2dDHb52cUgtxyG5EK%2BYFT01QlGPFvyGRnWM%2BQrlKnopbfL0zbGIXy9v2%2B5n43CeucI07ifv2z0cX8w9f7N%2FYzwuglpGleD8DTL31osvcDHO7Amufp7uPH6Y4L97QprLSKDzMnqG4mju9FTjeQGXnMpwZKf3lNrM52f58jJb3LknK3n6Emeo7NtKovFn5WYWX8Bexlx0b%2BRd5tgNwL2Y4SnXX656R%2ByjZxv%2FqPTvwE%3D
https://dummy-citation.com/citation?d=z%3A7VVNbyNFEPUuKwESP4BjCwkBUuzYSZawnNjsghYICLFZecmtp7tmppKe7kl%2FxPGewok%2FxMX%2Fjtc9jrFIInFdKRfL7n5d9erVq%2FKfq9EHtfPcsP2QLpKLtHzy90nLQfSyJy%2FYXlKI3MhIQcSWhEzRWde5FETtjHELgLyrXAS0AJSzka6icLVoUyftuJOqZUu4j9R4GdnZiXieH6UQhbRaUF2zYrJxHUmT4gCY6JxOBi%2FBxrveBdIiOuFJucbyO9oRxikw2ylRPI1ZIwjXy0IkSt9QFIuWEaIFwrBtROCYCoeQGRoHCgMwTMQP7EPcKY9fHr1%2B8fxXoQw4ks8PpWmgU2y7TIe63rjlf%2BgUFgOjbQKVzLxRTe8gAUK6pIWWUQqpLhJ7XFYD44A8hsbgScKwln4iTpy4q6ieNNriWdqBbsmaFWOLbnbD99q7Trwx0cvxHEHEUeb35Zv50Ve5hBTZgLSeiNdkg%2FMDpToV4RcoVFhnMxXphSEJncJFkh42cH3kjt8NScjKyqy9gbZ7qcoxtFXOec02q7HNam2TUt82JiyhdAc2qQpwImo2y51tAGLbsBUnCNn3hocmuCrKdWT4hG9psb4r%2Fvoi3JUXSpOFTdTQvMGelkLxST7pXJWddBNicH92BrypgIMLRZcMtHFaGlFRKy8ZuuaB8ADnadoy8sYWOfagfe5XXDgRSkNgyDKIW%2B9lTjloPUwKKg%2FolWqRLi6IrNBc1%2BTzLIEGgVQtFRodIQOolpcE49AlKK4LW3uKLvE8WY08aCR5C4TmEJOvsiqg8%2F0VVgJ3CI4rBEALi7iaOswT%2BnOzJDDQBB8g4JZ%2Bm8qLSOOhyBvDdRRbp3ObMA9J3XDNfjrPP8h7gO%2FoRJ6dp08%2Fn%2BiF8%2Ber0SetrDITFR%2F22MMee9hjD3vsPdtjRqrcBNIvwaLZm%2B59PZ7udVk7%2BIL8j%2FDCavSowfpqIe11v7k5zqPjPC65lw39Lm1Dq9FjrvMy%2BA0nn%2B60BvYfvprSDa6wBX34CzhtZZfxdS07Nkt92kqmJpfe%2FAHZWuk0mkej29DqFQ1AfYxq7kPpeSZUcPWc%2BAwNugdJpy2SDtDqbfofAfVPWCD34dQxp3Uhb1m6c8n3Jn6VNiGb06QyjQGrWIfV6InSjv1sOpnNZoe7s73J%2FnR%2Ff3%2F2DcxV2Wt8Bnvduh6bxNDV%2BfzgYDqbHh4cPjs4w1UaOnqGjh6Mp4fjvWdNSFVc9pnAufSRlaET%2FHwEG5Grf2art48JXjVLYI3iSPpo%2BcIlGx9HT2VMFOk5%2FgBDOf2YIkdw%2BO6XbYP9O%2Bhrk24mF6u07Pxbe1tnfh%2Bp5M3VZ22Mffh2dxcaTJxvdm%2Fr8A8%3D
https://dummy-citation.com/citation?d=z%3A7VVNbyNFEPUuKwESP4BjCwkBUuzYSZawnNjsghYICLFZecmtp7tmppKe7kl%2FxPGewok%2FxMX%2Fjtc9jrFIInFdKRfL7n5d9erVq%2FKfq9EHtfPcsP2QLpKLtHzy90nLQfSyJy%2FYXlKI3MhIQcSWhEzRWde5FETtjHELgLyrXAS0AJSzka6icLVoUyftuJOqZUu4j9R4GdnZiXieH6UQhbRaUF2zYrJxHUmT4gCY6JxOBi%2FBxrveBdIiOuFJucbyO9oRxikw2ylRPI1ZIwjXy0IkSt9QFIuWEaIFwrBtROCYCoeQGRoHCgMwTMQP7EPcKY9fHr1%2B8fxXoQw4ks8PpWmgU2y7TIe63rjlf%2BgUFgOjbQKVzLxRTe8gAUK6pIWWUQqpLhJ7XFYD44A8hsbgScKwln4iTpy4q6ieNNriWdqBbsmaFWOLbnbD99q7Trwx0cvxHEHEUeb35Zv50Ve5hBTZgLSeiNdkg%2FMDpToV4RcoVFhnMxXphSEJncJFkh42cH3kjt8NScjKyqy9gbZ7qcoxtFXOec02q7HNam2TUt82JiyhdAc2qQpwImo2y51tAGLbsBUnCNn3hocmuCrKdWT4hG9psb4r%2Fvoi3JUXSpOFTdTQvMGelkLxST7pXJWddBNicH92BrypgIMLRZcMtHFaGlFRKy8ZuuaB8ADnadoy8sYWOfagfe5XXDgRSkNgyDKIW%2B9lTjloPUwKKg%2FolWqRLi6IrNBc1%2BTzLIEGgVQtFRodIQOolpcE49AlKK4LW3uKLvE8WY08aCR5C4TmEJOvsiqg8%2F0VVgJ3CI4rBEALi7iaOswT%2BnOzJDDQBB8g4JZ%2Bm8qLSOOhyBvDdRRbp3ObMA9J3XDNfjrPP8h7gO%2FoRJ6dp08%2Fn%2BiF8%2Ber0SetrDITFR%2F22MMee9hjD3vsPdtjRqrcBNIvwaLZm%2B59PZ7udVk7%2BIL8j%2FDCavSowfpqIe11v7k5zqPjPC65lw39Lm1Dq9FjrvMy%2BA0nn%2B60BvYfvprSDa6wBX34CzhtZZfxdS07Nkt92kqmJpfe%2FAHZWuk0mkej29DqFQ1AfYxq7kPpeSZUcPWc%2BAwNugdJpy2SDtDqbfofAfVPWCD34dQxp3Uhb1m6c8n3Jn6VNiGb06QyjQGrWIfV6InSjv1sOpnNZoe7s73J%2FnR%2Ff3%2F2DcxV2Wt8Bnvduh6bxNDV%2BfzgYDqbHh4cPjs4w1UaOnqGjh6Mp4fjvWdNSFVc9pnAufSRlaET%2FHwEG5Grf2art48JXjVLYI3iSPpo%2BcIlGx9HT2VMFOk5%2FgBDOf2YIkdw%2BO6XbYP9O%2Bhrk24mF6u07Pxbe1tnfh%2Bp5M3VZ22Mffh2dxcaTJxvdm%2Fr8A8%3D
https://dummy-citation.com/citation?d=z%3A7VbLchw1FHUSCGzYB1YqqiicKs%2Bj7Uk5ZkcSp%2BKKIa5gypCdWrrTrVgtdST1jCcrA5%2FAik%2Fxjg%2FgK%2FIlnKuecWxsb1l5YY9GurqPc869mt%2FO1u5NfTCVcZ%2FRu84nWtyfHXSh9ZHEYU2i7hrpBlNvrZ8bV4kk47EwUUgx7ZyWDbkkLa9VMt4J4%2FobH07%2FDL70SSjclKUPko%2BHYi%2BJgDgmELvoTZLHnvKVM%2B9JSKeF9UomLBEsVJRESyF6tyFaKx12W5nqbCdn3mjhy5ikshSH4tALcrV0ikRC7rJtrVGyNNakhfDTvHl9QU7MZDC%2BiyIqcryMG8IkEWvfWS0c0gxk4SQngOMgGtkiYg0sWokMhTRN5FqMS8HrDjnIK8EaSrXXyEMmrCnhQk1AeokJo4kynlE0lRv1xt76ajFCKcFLVYvniMxlGA1bM0V5GfcVbNa87zeW1V5CUKzv7R8ePNzAyXnWcMtcgw04WQXJ%2BaEOqsAbzrRM4Dv4BiUpcB7kBlbWVHUSmhL13HMOQTpIqRLr%2B%2BbZ968f9jSJzqYgB3PkXPLG%2Bs9HT%2FhI1T4Mc0WZUqbX8WW2WbHak8yUcsjGa9RMQNA0pAdkZUxGDdhrFOuHu%2BzWVtBzqhtW6TkXGnGM0%2FAexVPftDKwE58xQjYD70BuD%2FiGmNcUCFRjC2fsp4u9%2BVKZV5BlSGmFpRYM84prSOsC3AiLbDLtl%2FmiEIBDuRCTYvh485uh2D2BParM%2FYV2AYYgghrvIsBcJkHTKYM%2FI0cxrjjP0RlD%2FnKOGMBZpYTGRSorwataWks9bcoDI84HKvypgxIkzoOfazggNzPBu6zRDdEgH9OCn%2FP26zG4LLiS2KtXynbsYpXUZaPGz7JVl1YV5Lnw4fSvKJA62g%2FbM0NzbjdCjg3iAgC6iNAM4vJQMYiTM2kwc5AbJlu%2BmN1jMqXUxu9GowVCdcOSRm9eluHH3SLSwQ9D8SpPQTCSFqOZtB3Pv3PePIAOPLKcn5EV0dsu08YRrpsoPIxuUoRCq30ceFfxkOAYo2IFMMsW1XXSAmLuttAYRyxSXO2HweX7SNr6mDLabVdaE7mj%2F2OV0UVumW2BducGxxQip%2FKo3ByLF%2B%2F7Ii5J6GN7aQ8d3zgYMei5zjyyubt5wFyZ2B%2F1axdDPffh%2BGzti1riOEiVbl%2Bi25fo9iW6fYluX6Lbl%2Bh%2FfYmsVOgMgPUM6q42x5uPBkXRQJFJot6w56b%2BbO3TSnYAMcRTa9DFKj3Hnw%2B6GG4XZGLs6D4lkyydvNpzukOrGIjjdf%2FO8NjEUAsutxz23%2FoOXyzXmyVnVORWIxlY%2Bpxv%2F4Kw%2BXQGzht6sNWep7TP08CHs7U7ppUVvcbso7O1uwArxHSAnS%2Fv%2FV3ziOrX%2F1i%2BGUzZ4VL8A5baYZjiczqVjbEL%2FQavDVXczvWb2rwzcKiDt7R21bZ8vrTUv0ItN1odLa3UEZneSBkdz9Y%2BUdqbeTEeFsX48ciEQbE5AORbg%2FFWsaNNLN0p%2Fkf3uxkXk63Bzk7xiym2Hz0ePNreKWrf4o0ExsdHk8l4vDmebO9M3mb0M3lv4WkyGG8PxkWzFOCKvzs5wZOvdvkRQWcf9MfcNvumMYl0FbsyLVou4lgGUGLpEF%2FvgALy05fohovbhN63C9haxZefLJ76zqW7KRD6FWWTPsLvm5h3H3y9lMb6i%2Bt%2BA8yhap5BF2SsOZHPVRfsyber4QHchj5Uoxuw%2Bxc%3D
https://dummy-citation.com/citation?d=z%3A7VY9bxw3EJXzgaRInTYE0iSA7nSSLJ3s7mLDsGAbMGwHQtxxydldWlzOmuSetK6cFPkDyQ9JqzY%2FJb8kb7hnyYqhPoUKSXe7w5k3b9486teLrc9rjq5x4St6O3Cm8cs%2Fj4MdUo6jOpgvlEuKOooIaJROKrekAp1n1bc6keJauSnaaa9ozX7IjsM2zkiAeyfH2qHTYWYoIMoofB5qbfIQ5V1uIw9Nq4xnpCuR%2F7z%2FI3LFWRn2XlcctaRUOthS3VLveeyQbaqeyXvXyFc9ZA7c8ZBUGlOmLs3VKimtIvWREkKQaU2KznXX%2BwI%2BDab9cG7cVj3FxGFWozCfCbwCBCkiqTz2zmjvR%2BXktAAgqwDMurqmiK%2BgYGajVOCouAvOukhGwIObjiuHmhVYA6zHfEZritvKUMzaBZV1Ok0A%2BnbAGbUypxRBRZihDeS2GyDb6qx1QAz%2BSA3BvR1ImRagKDSUlMXXzMq7zgk2JKABVTQquzxeMmhYGjiXR6BgiJUOisLaRQ7SFapwnSkoT9qWGTHgxYaywpCSNBf02jXTWDAAVgGkSee6QosgS6PFV6y0teC9iAbDdSkNJC2Q6iP3Mu8VmJ89KmwLGfrTAdRRd3TG8VSdudwCZquDQW8INNRfCuMjQEb3U8NOiL5WoailgZ7AlVZrlxAPtT11D1cvVKK4RqNRC%2FeArLOqBwwLCaF%2Fjalr4bjAmE70jHwJELlDuo4zFuldmZUIDeAhucToiwKIkQf7h4u%2F%2F%2FpA5lULc3UcMGgNOdXQgB8lVjpTjedKxKP77TK6SdeyXdgB0Qskl11HE6KZqMtiStCpnOkLg5gX1bUzTnak14Dfe0gL76SuDAlcyc5CBscZrZYleYHZY5GeTz2%2BJB2hux%2BOXzx%2F%2BaPqKLdsxRosVOy5R1GowFlZghqqqlLWxtOsjgS7uJpNw9qDwhbikm42RMgmxXRdRJEaHIBaQOHkFEnX0BZmbRhVwiBrfqkTyA35rsQC71EVocxae2cxcIuth6YTWpMNDgrr1KqNvTC8TjJ%2FugrlsaUOUKAM0Q0WEXa3LWNyBSnGCIqxa4agbVEHQhmAe7hpMYUyAm11L7IAC6DKAkfEApQBArEvir4ufczPw3HkSJpbaeti65tWg1toNN%2F69K1P3%2Fr0rU%2Ff%2BvT%2Fyqe9NgarRPYhUDR7i73D2WKvEyrgHhSPQ834l7uBlbUc03tYQA%2BPfYQfjnZvfnBE2WUs%2Ff7qwTP1KuqQ8Eoyi85kSTbGKf2uBKpo4OXkol7KRFchKqbfL7Y%2BswE8429d6875sXrqMK01POh16944pIjsaevTQPOEhynSPQRDIDA0N8XaE7ycgutf3LtW802Rl%2BXNCbkb00nBTTqgHG8GSa9hMZtQenoF0TibLra%2BMJYd7y7mu7t3D3b2l0fLe8uldakK7%2FE7hd%2Fc7sHB4ezu4eHB5tNysd9iQ3AH0PnpyXJ3b7l%2FtHvv6PBN8cMyzzebec4W%2B10%2FwCpS%2B2Gkdwq68%2B9XKbFxk35ETg%2Fg4bhqIZNn2rQigbFJQ4VLSlo51TE7LOArfL2DI8T1E9zTHz%2BmLHcZYr2Ry%2BKn8QEPIW%2FlSOUyg8eeYJFSefrtRjzmmpveVyv1fBLt9EjQTJIpEH8u23R5lanHm8t9AxgtXF7v4jdywTmTrLTwtRmiP%2F%2BuzblP93d2QPmcY7PzH9r%2FBQ%3D%3D
https://dummy-citation.com/citation?d=z%3A7VVLciQ1EO3hE7BgxwIi2OgA3W23Z3rA7GZMgB0M2GEMEyxVUlaVbJVUo0%2B7e1YmOJVPxRV4qerfMDg4AI7wp6qUSuV7%2BZ7yj%2FvRh7UPpjHuE3qTfaLVx3%2BdOZFaErUhq4WvRZs76SbBVz4J4xIFqZLxbiykag0tjGtEbWlpKmNNWiFE1N5af8sL0mmhfNdLhx2xNb24NakdUkYODSTt5NYHHEVuYYJ3HbkURR8olgeXOwo%2BR6FaaS25huJUXAWpDRchregotV5HkVa9UQhZIWdMwagkSs1Y8QCzJC16H8uuiBArk1kQrw3FjEXMqhUS4QB4U1AF34mKWuP0uMBCdWksfBDRaJpUqwn%2FHwtrOqTFBtBmgpBa9knu2FjIYBgAUN7EXqoCoDVRxJQ1R6TgdcZnIYXzC7LCyYVpUJ%2FnM2VHvFNoiqZxQIGSybXSKVTPfdrjHt3qPJ5pAx3HS32d4155W3g7NpBRKrSp81om2hWK1jlQKVEiaj5zCGeC0XmBVqUM9nexAATeZWVNbKkQpmzW63P3T0W2MYuiMoym6IEjHpCZGLKjRE01dhSS3ERBYiby%2BjZzCZyKF074PqElb9cMZjck0oSkHVIAMM4rQUDwHh%2BikhGFcWqEbZWiDdCBdLSp8w%2Bg8hVilCWoqexlMGALJtginIrzTefe3c0EQk4uGTgP%2FP10cXHG3zIXwzIl2%2B%2Byrj22y4sn2KQZuPwXbHwCFyIX3gDcplChc%2BCADsJj57E0ae2pUlHX27IwMHJ5%2FstRSbOQ1rBYEIQWmS4zSwh4x8Q5cuof5FuqoDDs2nf7sqdgStxUXFLMFhs0gVpWHFTIOKiu4WlVhM3vm7r4HFYasu95fGCkgGQ149JZbW6aojIoEgUwnf%2B0aHEwfy%2FIwooT75S9j2lt3cF08NmWYSX7TUJ4xN8OIht6xf4qLhSGrzaJWvTKyW64r8aiY4fhl%2FNsWtcHv%2BSqVrx712WucHA%2FB%2B%2F75A3sWE5HhAe3pR9IVDg05MAikGpIOUQSUYFB3Etxqhno%2FeizVkITnOxxBDyOgMcR8DgCHkfA%2F2UEWJBFEax8B9abo8Oj%2BWQ26%2BB8rojCmav9%2FehJIzOoD%2FGu36688komH7BoetnQpcTdfD%2F6APINMV3gyxetlcPTl19Z3hZMlbEj%2FokwDfwcXtfgwa6q3zI1qM1dn8BckysgbHXwlkbvx9Jp5rNKeHsKjU1Os3koWL0y68zt7%2BQmJy25IVQZHe9HHyntzVLMDqez2eHxgVGQyPP5s%2Fl8ykyUj0%2Fnz%2Bcwf%2BXu8De6uxbsglha3rx%2B9mx29M3h069nx9dYygOH14XDQ%2FwcNzFXmEtczo0MycBxV3h9gs6Qr3%2FEYNn%2FTInlgFirWI0vVyc%2BuzRKgWoKaCDp16zJ8vVzSiahhl9fgFHnOx4wP%2B%2BNDQyp03Khfr%2BdxZeDU15ubrfz4ZbEy8Xm5sNcLWrWXPSnKge7PGxT6uO3BwfgaepDc%2FBfVP0N
https://dummy-citation.com/citation?d=z%3A7VXbbhxFEN1cEAiJD%2BCtXhCJZO8tNg48OoBCsIQV21rBW%2B10zUzbPd1Dd43X6yfDX%2FmH%2BA04Pbvri5yI98gvuzPV1XU551TNX9eDZ2WItrL%2Bc%2FmzCyrL5%2F8c1zZRy61EMpJs5RMxKcdKlGBMwXtx22VwLiysryiGeVDSmpWsV6kiqyQquJHIaYucNRy3iL2hE6eRaWaN0H5%2Bf3Ey239JaZlUmkQohKKw21bbCIk%2FtzH4RrwmWlitQ4f00cKp4TYN6TgQGxMlJeQWsil1QqF8UCkhnVdb2oLVBt8X4kLBzl72BpRGbUg2P%2Bd2GkEu86Afw8pUxtAQqo0SPtzgbP%2BmnQxiDIgsZkg%2Fo%2BxcJSxzl09R6Aq3lrWm1rHPybcozJNy4YT4PCCuL2QVuXdLTQha9359LV63ZXO2CUHsKjCqdUNFaOa2t73rmpYOA9qhI%2BFY1PTi3eHRyz7ygfU9bke2qpVeHPyW7ZsYfRu4FoPpCjHI6wLiZT5QwpyLs1wAWD2VQkNcUmjB3hrZNZSgKitqjWsRfNLYFWCVKXEpuoQtRmsAUa6H29ZZAL4vlxYSLLp4jjcNVIkH4CprGG6zwntIP12AcQjHKzvIKHUOGVIdFism1%2BD3dPyfIu5CyH7jvexj3KgLo6HR4pibjEiDfLYFb9Ybe25Nxw4NInCU7Q8F4BIqQtYEAS1qi4vgfe4AYKdtp5pZe6DkjUyRBMPSrItFMIgB4yu%2BwP2SpuO3l0N6E5qWI7oFdCvsE3Upxw0eebJU88TdH4V7MN3CYBsYMw13B4ULcMNIOV%2FS7nQ43fsmM33n%2Fn1drvk3AWE8hB8ld4v6qXJhDtIw1j1iGXMpS1Brz7NPDWMPLBArMXqYidUg3mB%2By8YKc9TY9Q1hc9S4cRd4KBGo69AsQjy7HnxVMyYObejj5nvcfI%2Bb73HzffKbz6F87A4xP0JS1XQ83d2eTBqoUxkDEX8BwteDJxV3qDqmq%2Fbm5ACAQXQ4tC1X8p59JdeDp5BTTHoIy9dP%2F60dr5%2BffebyzWjnHS6lv%2BFpPDYH%2FsuSG%2BuW8gcarKRCs9783qH%2BGJwMHjrOZ93Kq5iJXTkV1qTrwfPCBLuYjIeTyc7u6NXedO%2B7ndfD%2FL%2B398rYNPdX%2BE3%2Bqg6teHZycTbb2ZmMv9%2Fdfb0zPu03Zw%2FDaQ%2FDeLI9GZ9hhEIXCzmJ7mJaq7bph9HIuCEXzTDEaoSUo9aUo4%2BkrVI312Wbyz%2FjqBYr7RivT0CKhPJXTMlds2Bo3RK%2BrrAqZn%2F5JnReBxplTbiZ4TuVeuuXolbRw%2Fu3XQOl3H6H8gcMVEKPnNUHaWXaS2gejxiLe3sbaxte%2BOAwlvdmd5tc8RdQtbv49qblYPt%2BP9Lnfw%3D%3D
https://dummy-citation.com/citation?d=z%3A7VdNcxw1EDVQwAWuHClxIlTtrmftOJDc%2FBEKQ1JQKad81kg9M7I10iBp9iOncOBH%2BZdx5bU0ay9FhRs3V%2FljR9vq7vf6dffuH3cHnzQ%2BmNa4z%2Bn30SfafkanMZqYpFMkgq99ikIGvDTRuFZIPIkh%2BL48Rm%2FHZLwTyYuO7CDWPtxSiMI4QSsKWy23wpqGZgJxRC%2FdVshhsEZJvhYX4tKJQYZk1GhlmBULPybtYZ5kvI0zEUfVcWC8N0orOhlWFBOHh42SIWz5dUdyhVhealzpEbYmR41JokG2InUkxkjCN8i%2F97WxEzrkZa1fZ2yiGxFjwrAQV7hjTaIg0wgGfNMwspUMxo8RbmVPbApGnBZxGxP1OM55h5aSSEGqWzieIXImixkBAJzpyJlEctHDJd9X3qXgrZC2RUFS14Ob1z4mtkPyfS5CLSNpAbpXoN%2B7mVh3BtyYmF2ZZFbElbCm7TI%2FcKpxCqJnzNWry4vTNwtx5lM3uQUjuyQCBGAQA%2FdviYbMWOEDtbTGZe4ie2aTGoYMj%2FQsp99JhLamN6kUli9F35NQnbSWHBTWCnIrE7zrySXQ8JAc3lB%2BdGCa0ZXi79UdroIf206sSSKrwFBwxgkOARBYqVxXE2ofkKcembaAUrTMYSAP3meCNpB1rvMAAUsF9JlU3yRyMFbQRyZXgwb1UL6MjwVlSeoctQgHLKjgY9xjClducNWHLasHZcHPQE7a0i3rDoEAOxpNIeu3aeZIRQPlrueQZxxIGbC2ZZSyDdwbrEAuNyjK8fao5CAFg0Mv%2BLV4UpOSk9iR4YB81%2FG7UqddlUuf1Yip0Aly5Y3OHQ8RjXutmRjEIAeQDnj32nwQ4lsLzPNrAJqfsf9EqnPe%2BhbJ4yaie7YEEB8AmkmD3ridJHKxCMW68YopynHFGgGggYzSEe5yR8ldUVaG1pN2pzYrfdoTboFHLu3G9DKhuNktWMy295XZ3S4V45oyOB5rygQmYz%2FXMhyK1KA9AdUYdLEWdXGbnaAuU85Tksr3%2FeimGScc51%2FnSbmD%2Bq68U2bGg1R65CJAWDQ18kiddBguyIIjeTfPTYgAKE4Ko8ouJjAFxrdlOkncjuKJw3yy25kwmOArQmCTMHxRI%2BlaHrZIcwyRIIwynqSAGpAiVEGYsNMAJEw9hFphmELqORwylVoOuXS7XuL0NfU5NTjhPik924zWziNAw9UGOjIs2bjQPDnvDr7owAw3WnpcPI%2BL53HxPC6ex8XzuHj%2Bz8VjpVJwSPoC1u1RdXQyXy57HoISKMOlazy%2BFLVyBLEhvsdkGbCdfsQvalMtqoqSSZY2Z7haicuXL1%2BKc%2B8woMs0cPyU5%2BnVgyAZ%2B%2Bne8hFPzs%2BvTr%2BzefSaeoTr%2BOfdwceamcP%2FppG9sdvuAl6hr3fUMg3tawjB0KjhnQ7%2Bbd68QsMDQzZu3niLsB%2By7V5JRyNaqljrnwnGH%2FJ7QfW935vzDgs5%2BaGjD9r%2FRluHr5IlaUiMsCiLsTI63h18qrQ3m6%2BX1WK5rJ4fKpXk0%2BXy6bMFU7p4flQ9W54caxNr9x5%2Fo3uvetneHFfPq%2BPl98fPTjqfRxttbq8fDm9gOZaq3rCfefXDvFreYkxDbIreBrv5pktpiC8OD7EZFsYFSYsm8MO8OqngqDpq41in7QAwH6FO5JtfsDH%2FIiwNuwVACyWTPtue8874MgWayq6veRuX00ke4RRVdb7nhf1Tbvir3VQvon97fXa%2FAfMnlL2PBvGFOHXi16kdMN94kt0L%2Fp%2FToUwTnhGaM%2F9KjUC62CEF0Qsf2sP%2F5vpv
https://dummy-citation.com/citation?d=z%3AdVRNj9s2EPX2A%2BilhwI9pDf2lMtasp04CXLrB1r0A0Wx3WKPBU2NxFlRHIGkrCiHYov%2Bg%2Fyb%2FXd5lJ31BsleLGv0%2BGbmzRv%2Bd7v4pJbADfvPqlFCe7v40updTEGbNH365oqUDqQq2pOTnn2jguwkRTVysiqKYe3cpHTfB%2BkD60Qq9johqmLLzkXlJSnxwCRRYAUPGGXwlZKgPOmgepLe0bnaDUlpFwETpY2Rrtd%2BOn5VkSta7qZlfhbqu6i0iol6YEcdKpUsR9WIdudqPJTMfk8xcYNiUHWyoJirBWEw1CcWH5XU4Jk7ehxVJ3vqyKOIqDipWpyTMaodWUa1Oh%2BM4gt1mXP1Gq%2Bq4miGGAlMQ1BORwrLHX6rI3iZdWxzAR0lK2ABUxoFB%2BuawpwsS6eNBQf6Ph475Ma5l0AGMrnaU3Bmgcr2FCrUlWXIhE4sRGww0mS7qCwEh3YdOwhtrM5jpcAQxqBJr%2FACFGS4KxQVwBCd9gY6Is8pK5pNORzPkTyAgTEgWAE0EIcdBh3TUE0qwAZ5JPDNR4qHnnrPGD5kjtx4rtmABw7pBHOzA3IvHbeH9F6nIWBqyWpUC8r3%2B75jgwB57s1AGZo%2BBj2OoNMT6oQ3cfaQ8r570UyULmuWBlgHJjmf64CrMkjiPX5Y8eCn90Z2ajBnQg6t7LQLjOEfRw2P5u3JFLP3lB6SdMhm5mWK5LJoYBotG%2FuubrhjiFQ4rAbBctWPKLfZrDbb5epZZ8QnzZ7CL76W28VZA0orId70d19%2BF6OTBHzE3Bq60L4hbD%2FkDzH9ichXFgae%2Fz165PKxwFhJkPwPWOV1l%2BF1rWGmqflZTOtooob35OuLbGBXBXG0%2BBBsf5Lg%2BPVrPqCrX6Xih7DNX9x1UP0IvSCuDlDDVbxdfG4q4XG9Ktbrp9tyvdm8eL5%2BVszPzQoG3fkb%2FEZ%2FYzrdXG%2FW6%2B2L7Xa7eWqlJ68dvWqvTsFrIIeDkNeb1er5cvVkuV61gSK22dDfwb26tCn1L8tyHMflwAXHIhbDMkk7SaFNcd2X%2FybdkpQGRyKVmabsqGJdzjdELGc%2F%2F3Na1L6qmzjs0tTnrtt5kRxd4vUMbiOpf8Ntcz9MKbsCWGcYe%2FX99ANuz%2FTN2bcp0HyHGKqucHPHOf41JU7o88kfx8V52J5Y83d34uFSr3JRX5gBfT%2FOfUc0DrkLCU35gORvAQ%3D%3D
https://dummy-citation.com/citation?d=z%3AdZLBbhMxEIZTChIHHgBxqY8IlMTe7G6S3ppGRQGKEG3p2WvPbiZx7JXtDcmtwFPl7ZjdqBJS1YMtzcyv0Xz%2FzO9D70XpPFZoX%2Bpfzq8PvTdGKgUhgJ7LCFXCk6wv%2BEY5GyVa8AtbukPvtJJNXDofHgxuaqniFT3nQfBBmkHEaGD3fmEjeCsjOisN%2B%2BwaCgxzJbt0m7qhGvuJgYqmbe6xaKhD%2BEsjaSs30I5Wyg2avb5qbAUVbsHCha2aoL0z0HsqXM7ALmWBxVFczAbPKeEbrFq8VlZ%2BckYjHKUKdTj0XintcPeOaATn42EQIslHfZ6k9EajvD%2FVGAr7QH%2Bwf5BPE97P8qlAkY1HfZHyzLga7EVn5EKHCU%2BnI8HzNM1G%2BWSaTARftgJJLq3v05TnIpuKfLKifs3R%2BFVnPBd9PiGvCoNh%2Bej9SceyO7upPZIvnt0oBKvg46wJtKEQ2DVolGsPgSxXcOfN7mwZY30%2BHEq%2Fw%2B3A%2BWpY63KYpDwZ8Ml4nFahKeK%2Bbh1aSx9RGbil8IS2A678glb%2Fn4YojdmT1iiMoGf7S9fYeBo9lODbUfQ93VLosm8fz2HxdX7rpVqfs%2FmeAFCx7%2BBqA6zLEgkr9uwG%2FBYVsB%2BucDGwOwKq2BzLktCcZddOgwm6nfS1aojrQ8sVCIz21WE9v7J%2F
https://dummy-citation.com/citation?d=z%3AfVXJbuNGELUnE2BOOU9ySR%2BzWJQoiZY9yMWOMYgTBzHGE%2FjcJItkWc1uuhctt0mAfJS%2FKN%2BQW163ZGeDA1iG2KzlLdWlXx4OXjTGcsv6Zb02dvlw8EknS%2BetrPz2o2%2FO9l%2FFT5qEaYTvSPTGecH9YKyX2otSWstknfBmLW3thBRrrskNlmQtgkt5vSlZkbCmNN4J1iJoFA6VD5bqI9GFXmoxmCEo6akWUtd4co5LtRVyNFgGRuQstVlrEXEK0iu2RvekY0F0BzKJJuy3QCIGhYJSONmQGKTvMnGpEYPAQQ5kj8Qa59agCcXwmhS1aL0LAWFe7QvJPTiDLOmNRYT0Yi3VMvFogME%2FKpPoiV7aJesWKvhOdGTHsWRjQNzTsAMaEcXiJeGFUmZNdSbe4wVkVRQ5Sc8GTWPdCGgAVll1wtJ9YEtR5I7bDrhbS0lh9A7Oa3IJljIVKgBE7OYGqrjhSoCCQ9V%2FNhZfPCIaNaxrsuLLTNz%2BpY5Ejdhj6KSLjR%2BhoEoTVMNqB7E1Ur0ROXSuAT%2B221GIVsYRSpLsddrjAM74xL1sI0hZ0ZGYZuKGtIPOTXAxvyS%2FJtKikj0MELX0MtVUQGOFS7HuSMwycW0YVuBDdjCYo5idPKhgEetgghNVsCsZhy4RdjvRnyiBBga3slxClj26NC6pI208uvGKMJMrqRhQEJY60AZBnHxT8MgF5V2mZFXBDqovENhOJ9NilE%2F6CEayJnupG%2FNw8HErg%2B9A4YOC9xi8t%2FgYW59ks5zYuUCvyLNXdH8WvNGmjyzepWvUrIwKPb0eD081r6Ltxj4cHPIAUd9J3RJuONywzl%2Fj5NOXv3dQbv%2F9DxUzQRelrfsNkbWGzHEnNLJnteUzjaahqphaENd3ZwqMIIY1%2BFN08N%2BUu3NaMajfB7nLoWtp1LPh3RUZjbWxb9DeeGqkfjacUzHYu4%2Bnq4Dd9SyWt1EYTeoxvL2QmnHVdwkV1w4OVLXhzWf5JMsnk8XY5ZMin48m0xncyuFZUbMr9Qf8d%2FpXnpxOT0dFcTrjvFjMRotiugAe0mfJ68va57PZYjI%2FKebz4%2BPpdL7Ii8lxFyOkos3ydj47KU6L%2FHh2epfcTcNxh%2BGYjSYno3zRD6FU7LA2dvNxmChtPr%2FBDoSZVtzAC13R1%2Be4Hum2%2F0g1yyWGzgRb0c9WbS467wf3ZjxWrJcZFnHKzCrTj6PfmNLxUDfj5xlneN26UPrtENVcSuu5UvQej4e4VWSaH7Ap%2Fn5MGHy1RayqGLfifPutCdq%2F8JYashFvfYul7dLp63w30Zvvv4ubFSslLuWn9RN3pf3XD0bkil1GuKSjcjtynVnHAy1XjK0NSHWE%2Bgq3W22%2BemQPWzNj2%2F%2Fh%2BSc%3D
https://dummy-citation.com/citation?d=z%3AjVRNbxs3EFXSAi3Q%2FoHeeGkvlWXJsOOqt6RG0aA1argOgh5H5OwuIy5nw4%2B1lZPbf%2BV%2F10eupRpBDrksljOcxzdvHvnPw%2Bx5I8G21n9lbiVsH2bfdrSJKZBOuy8%2B3HQ2qsCRKehODTRwUENZ%2BxRV6lgZjrb1irzB78hOhh45JY0i1cvGOlZBNpKUpoE2WCHTiHNya32LPV3uyascy%2BpleKNFjTZmcqqnsOUQ5%2Br6z7%2FUCbBMdhRU4WET65QDz5WWfsgJnFBkxc8rj6vXF0j4FMQp7Oy8fZ85LtRNpVs5slFxFxP3Cu1Zn9gbhCAEmDAC%2B3qHaBDpo7rtOLBqsnNHURP6oJzESy85Kk%2BjbSmBQIHzaDbw%2B2wDioGIUBJRfDewj3bkhbrgOKCHqp%2BzvU21NhZpSiiKyxUssKMEkCQKgkeb7GjTriydbbsEyeZqEJBP9iCYEq0d5NyLARJZly7YWcI4CgD6y%2F5Jh%2Fg1AAeF%2BURgksZwjxCckDiqmOr0Hg8p9tjW82MvkrpikQGb0ZPstZvO78DU7ZAfmCaIDXfQqwjjgRpyHaVR7EcbxBf31FlBtuJHiNLABnAKLHOkJaYKyxTtBBtgDG0rt0eLHPQr83x0056wShS3QAOEo91k4UayN9P4SkWTA6Kg1wN75EpoDrKQ1VQElBTLtBCm1BSrm0k%2FHFQGJcW2ZGjAwPhgxUnJ1nJJ4vxJSscRLA7s%2FrerI62RY3NRqk6WJ2dHq1VfwMh6Dq99Iw%2BzZy1s2OG8%2B%2BGQ%2BUM0JQlI2oFavibfMm65bWyI6QqR757%2F0Dna%2F%2F%2FoKkG7gZ9D%2FBc7jae%2BVDQN9RC5vaLRyUigPrJv%2FyZP6uXCoCWefWL3K%2BoC%2Fqbd%2FaV01Pdk1DV%2FoKlGWxMfZl9qI%2Fbu%2B9VysVot18chx3KhQOXF2fqn9aL0i8zq%2FPx0dWps3Ph7fKO%2F73B5oTPfbd%2BeIvXi9Px8vXyHVJ6UeleVWq6PludtzJu0Gwq5LYVkteMbLJ9hUCzN79abp2FO5NwOe53G3TSvdr%2FAFmmWAsN%2F7HGH3sKOsUa%2F4WQTOFzhJu9fv4uPX7%2FL6fW7rq9fMdZv9an79fD4vXny6F1Or50pfL%2FWObi7sy6lIf58fAydFhLa48%2BS6j8%3D
https://dummy-citation.com/citation?d=z%3AdVVNbxs3EFWaFuilP6C9lMcWqL6lRO5NkRsgrQ0XtgP3OkuOdmlxyQXJlbQ9uUD%2FlP9dHnctRY6Rgz6Wmpk3773h6L%2FH3jdr53Wu7bdq5%2FzmsfdDQVmInmRsXss7FpV3lQssSFi3ZSNKjoVTzri8EUgV3mUuaonvxrhdnwomJaiqjJYUtbNBxIKiIKU8h%2FTAQnqNDDJCFmQM25yFWwsHWJIGSFYJJ6WpA9IFbZ1WZCUPxFXtU2XvSBaC12uWUaOlRlja6pwid%2BXbjsSu0KjFNtRe2%2FxzmQQl0atO1cNzsCAk1YGVyBqBPO9qq1Kyy%2B6BFQbi1glga94ykHT4TexYKDwZVyGLRKHzom%2FSAY5lC9EvadM2YHIIHYuy0yNny75tORTOx35kXx54IAvi5I5MaCVOpEqXJT4tt4G4dDayWJE3Ttx6ZnHD5CGKDkLjlzxVVmIHODR1zlyJa9YWtSSXbKO4QLhNXXVuiuigVNHKk8Aq9ogtD3Kloy%2FpwAWZ%2FEz6HbigSY8W2WjK0OtLNhCwgKg53NtHWAP38A1oOnXVhrYFCRlNOOpbwhlMJABSJ0fj7QE%2F1KlEUrdpBwlj8jS17SR286ItbC8r8joABYTbWnsdYqLzbHqLGtT73VH68TDinVhgkQZROsVJb9qSNi1fuFrEWIXfh8McytfZAIDDQAX5C4Z49C%2F54SlQ37swMCSTkKzOQTCfjCbz%2FnhUShhMGrJ%2BgGuPvdc51cD24cFocJDxPV7Oq9FgPuWoo%2BH9T%2BT%2F0Vvxy8p5y8aIjxYS%2BQBNfjWpmtdZjZTwP668slRyuvprKrVp9LE9zltdb1LPyjvDvZfR6m%2Fymy5Q%2F6F2CBR%2FDr4WLC9gbRtbLHHP01L4at1VAeg2Nrt0XZTUKjz2vpPK6f2P49FgtpjPR0Pye70dTKajs8H4zWIxUzpk9gHvwT6km2iXraQfVBjPF4s3Z4vFdDyd43P6djYpUgBBsM3dbLp4Ozmbzmbze%2BTWnQX3sGAKC%2FqjSVnVGfZEcXDhVduxf6nwBqsNUyf5ozf74xB0bTqfDyu1Hn5uNw91FpsqUd%2BQx2AZvsXjK0w%2Fu%2FVf2qrTY47YkQ1ijdS41O%2BaFbZS7EXPa%2FaMG6rusLdDd%2Fo0C3JpxeXq9qZ%2Ffn0h3lG6B1en2%2FXquF2Xx7V4ebLXcVeun2b%2BfTevy%2FZiLE%2FWukoUvpc1GP%2BcGD8jjL%2BQE8KfAA%3D%3D

IJARCCE ISSN (0) 2278-1021, ISSN (P) 2319-5940

International Journal of Advanced Research in Computer and Communication Engineering

Impact Factor 8.471 :: Peer-reviewed & Refereed journal :: Vol. 15, Issue 5, May 2026
DOI: 10.17148/IJARCCE.2026.155185

METHODOLOGY

The system architecture is built on the Robot Operating System, providing a modular framework for perception and
control (Pavlova & Bahrami, 2025; Priyandoko et al., 2018).

1. Perception: An RGB-D sensor is used to capture distance and angular data, while person detection is performed
using features like Histogram of Oriented Gradients or deep learning models like YOLO (Amaya et al., 2024;
Fung et al., 2025).

2. Distance Sensing: Ultrasonic sensors are integrated to detect the target's velocity and provide redundant safety
data for obstacle avoidance (Rashid et al., 2012).

3. Control: The robot utilizes a controller—either a Fuzzy Inference System or a PID controller—to map target
coordinates into linear and angular velocity commands (Pavlova & Bahrami, 2025; Rashid et al., 2012). A two-
layer control architecture is often preferred to manage both low-level motor set-points and high-level behavioral
logic (Amaya et al., 2024).

RESULTS

Experimental validation demonstrates the system's ability to follow a person in real time. In trials, the robot successfully
maintained a predefined following distance of 1.3 meters (Amaya et al., 2024). Performance metrics show that the system
can handle linear velocities up to 0.7 m/s, although tracking accuracy is highest at slower speeds (Gockley et al., 2007).
Advanced orientation estimation methods have been shown to reduce absolute trajectory error by up to 0.65 meters
compared to traditional systems (Zhao et al., 2024). Furthermore, researchers utilizing MCTS-DRL approaches have
achieved stable performance with mean human-robot distances held near 1.5 meters even in complex paths (L eisiazar et

al., 2023).

DISCUSSION

A persistent challenge in human-following is the loss of tracking due to occlusions. Systems that assume a non-holonomic
human motion model and use laser data to recover missing visual information have shown promise in maintaining tracks
during these events (Antonucci et al., 2023). Additionally, social acceptability is a major factor; robots must navigate in
ways that are easily understood and predictable to non-experts to build trust (Gockley et al., 2007). Using lightweight,
modular control architectures ensures that these complex tasks can be performed on mobile platforms with limited on-
board computational resources (Amaya et al., 2024; Pavlova & Bahrami, 2025).

CONCLUSION

This paper presents a comprehensive approach to human-following robotics by integrating ROS-based control with multi-
sensor perception. The results confirm that combining RGB-D sensors with fuzzy or PID controllers allows for stable
and smooth following behavior in indoor settings (Amaya et al., 2024; Pavlova & Bahrami, 2025; Rashid et al., 2012).
Future research will focus on improving markerless tracking and enhancing the robot's ability to navigate through high-
density crowds without losing the target (Batheegama et al., 2023; Jeyatharan et al., 2021).
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