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m Robotics= 30 + SOt nfj2{Cctalo| 2| HEE Eof.
. 22 FH|E =20l EHO| OHE
(O] : “laser place recognition” = “point cloud loop detection”)
m ChE keyword/TF-IDF= 25 CLEC 22 2/0(Q E2{AHE & &13.

m = Semantic synonym cluster + 4-depth phylogenetic tree

ol a2to|=o| =1

8712l 54 cohort 2 &EtM, 2k A|7]2| paradigm signaturel} rank HEIE SH=0| E7].
Taxonomy AHX| 7} A|ZtS| SE2 ASEH =C}.
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°f 0|2 E=7t

Clo[E{ Al

m T-RO 3,435 + 1JRR 2,666 + RSS 1,488 + HZt =
m 1988 — 2025 (374)

m RoboPaper Atlas (DBLP + OpenAlex) 7|2t

m 2= =3F0| 4-depth 2F E (Phylum/Class/Order= 100%)

4-depth taxonomy

L1 Phylum 13 3 20 |: (Manipulation, Locomotion, SLAM --+)
L2 Class ~100 +&0f 2te| Z&EH (Grasping, Legged +*+)
L3 Order ~330 AM|E FA| (Grasp Planning --+)

L4 Genus 7t ™ & 2H (Learning-based Grasping **+)

Phylogeny (7,477 papers) Robotics 304 April 26, 2026

3/34



of old 2=t

ol “dHE ASE” 2T}t

Linnaean taxonomye= 75} HlE(=ZE =42 Ed8ot= EE|
2R 20tz H|xx — Z2 ‘T4 EN0AM 27|

(SLAM — Visual SLAM — VIO — LIO — 3D-Gaussian-Splatting SLAM)
CHAY 27| w27 tH paradigm FEHS| A|EO| XIIAE A E5{Lt

st=™ JIX| + sl NS AEZ HEt
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of old 2=t

Methodology: semantic synonym cluster

= Che 7|9IS 04 / TFIDFO| 8124 — 52018 R &S,
m 22|= rule-based + manual semantic cluster2 HA|H 25

0f: Place Recognition

LIDAR = ['lidar', 'laser scan', 'point cloud', '3d point', 'range scan', -]
PLACE_RECOG = ['place recognition', 'loop closure',
'loop detection', 'global localization', 'vpr', ---]

if has_any(t, PLACE_RECOG):
if has_any(t, LIDAR):

return ('SLAM & Localization', 'Place Recognition', 'LiDAR-based')

= “laser place recognition”, “point cloud loop detection”, “lidar VPR” Z2 E 50| B& L2
IeafE 2al,
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o olz =7t

Methodology: M&=2| + Specific-first
m 122 specific — general &=. Cross-cutting H|0|AE HA|H O Z X2|.
m Phylum/Class/Order= 100% El-t'é'%'.
] GenusE specific rule O &l A| (2 — L}H X[ = (general).

m 0|25 (Unclassified) 2.9% — L2 speC|f|co|-7-| L} catchallof] ©F ZHZI #H|O|A. A X7}
AE 2= It

2f Sentence Transformer/LLM QF Lt

M
m A —rule 7|BH2 242 SUSIH 28 Y.
n EHAH — o{H rule0| B E A =X FX Jts.
m T2 X|A] 1A E — robotics T HM S AFRIO| I Fefo|M.
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MMl S5: 1988-2025 &5

m 1988-1992 cohort: 1663 /53 — 72| T-RO + IJRREH

m 2003-2007: (5.7x A& — RSS £ 1 XFE5} §|0|E| 27

m 2008-2012: — 5l vs BlaX| BE HB}

m 2018-2022:

m 2023-2025 (3 X[): 0|0O| — annualised 2 &AM ~2,630E /54
=&t

Robotics ST2F2 300 X 72|

7t HIME — 20234+ cohortO| A{ B O] 7 5'—=| CHH| +70% (Foundation Models & 1}).
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Phylum 22 (A| 7,477 H)

Phylum N %
Manipulation 934 12.5%
Locomotion 842 11.3%
Planning 835 11.2%
SLAM & Localization 670  9.0%
Robot Design & Hardware 623  8.3%
Perception & Sensing 554  7.4%
Theoretical Foundations 491  6.6%
Control 441  5.9%
Multi-Robot Systems 408  5.5%
Application Domains 396 5.3%
Human-Robot Interaction 305 5.3%
Learning for Robotics 354 47%
Robot Software & Architecture 30  0.4%
Editorial / Unclassified 504  6.7%

ALR2| 674 PhylumO| A X||2| 60%E X}X|. Learning for Robotics= H|S 2 4.7%X|2t F 2 5 MEE
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8 cohorts x 59 — HMA| FIILE

2003 O|= paper count7} Z}I}fE2AH| Al —

Phylogeny (7,477 papers)

MM 2=

Cohort Papers

1988-1992
1993-1997
1998-2002
2003-2007
2008-2012
2013-2017
2018-2022
2023-2025

166
210
365
951
1,308
1,349
1,547
1,581

HIO|E =Zl2| 2

Robotics 30

21}

T-RO/IJRR E&} + RSS X + Xt53l=
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Cohort Wall — 54 &H2| 2 & paradigm

1988-1992 — =7| AlCH

Headline
7|7tst - 0™ M0f - OjL[E2|o|M el HAIS) sh=X| REAM|7F Al 2E=l= Al7].

Top-5 Classes (166 papers) (A cohort — rank H| 1l CHAF Q1 2)
1.  Manipulation > General Manipulati--- 20

2. Theoretical Foundations > Kinemat-:+ 20

3. Planning > Path/Motion Planning 17

4. Theoretical Foundations > Dynamics 14

5.  Manipulation > Grasping 11

Top-3 Phyla

Manipulation (40), Theoretical Foundations (37), Planning (19)
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Cohort Wall — 54 Ch9| 2 2 paradigm
1993-1997 — &Alo| ™EH

Headline
Path planning - force/impedance controlO| 7|2 0{%| 2. Wheeled / 2 &2 H|FL|S0| EZ
platform2 2 X}2|&2.

Top-5 Classes (210 papers) S5 A (rank 1 vs Z 7 cohort)

1.  Manipulation > General Manipulati-:+ 26 #7: Robot Design & Hardware > Mec*+* (9)
2. Planning > Path/Motion Planning 20 #9: Locomotion > Wheeled Locomoti-** (9)
3.  Theoretical Foundations > Kinemat---+ 15 #6: Control > Force / Impedance C-*- (10)
4. Manipulation > Grasping 14 #11: Control > General Control (7)

5. Theoretical Foundations > Dynamics 12 #15: Perception & Sensing > Visual** (5)
Top-3 Phyla

Manipulation (61), Theoretical Foundations (32), Planning (25)
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Cohort Wall — 54 &H2| 2 & paradigm
1998-2002 — =HIY 2R 4 2520/ §%F

Headline
IJRR/T-RO EZ!& Ct== &bl (Editorial 23). Teleoperation, Acoustic perception, Robot architecture

7t Mg B4

Top-5 Classes (365 papers) S84 (rank 1 vs &M cohort)

1. Robot Design & Hardware > Mechani-=- 26 #13: Human-Robot Interaction > Tel-*- (9)
2. Planning > Path/Motion Planning 25 #19: Perception & Sensing > Acoust:** (7)
3. Other / Editorial > Editorial / M-+- 23 #3: Other / Editorial > Editorial--+ (23)

4. Locomotion > Legged Locomotion 19 #23: Robot Software & Architecture:-+ (5)
5. Manipulation > General Manipulati--* 17 #21: Control > Visual Servoing (5)
Top-3 Phyla

Manipulation (60), Planning (43), Locomotion (39)
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Cohort Wall — 54 &H9| 2 & paradigm
2003-2007 — SLAM ™

Headline
FastSLAM/EKF-SLAM/GraphSLAM mf{2{CtRI0| SLAME #9 —» T/ E Z0{2& (+43 ranks).
Aerial, Medical surgical, Assistive robotics SA| S%!.

Top-5 Classes (951 papers) S5 A (rank 1 vs Z 7 cohort)

1. Locomotion > Legged Locomotion 67 #40: Human-Robot Interaction > Ass:** (6)

2. Robot Design & Hardware > Mechani*- 63 #9: SLAM & Localization > SLAM (34)

3. Planning > Path/Motion Planning 57 #19: SLAM & Localization > State E--- (19)
4. Control > General Control 46 #26: Application Domains > Medical-+ (11)
5. Manipulation > Contact-rich Manip-*- 45 #25: Locomotion > Aerial Locomotion (11)

Top-3 Phyla

Locomotion (138), Manipulation (112), Control (88)
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Cohort Wall — 54 &H2| 2 & paradigm
2008-2012 — st 7|gF EHEAL| MOk

Headline

Reinforcement Learning - Deep Learning - Datasets/BenchmarksZ| Learning for Robotics Phylum
M ME22 gl UAE S

Top-5 Classes (1,308 papers) S5 A (rank 1 vs Z 7 cohort)

1.  Planning > Path/Motion Planning 95 #43: Learning for Robotics > Reinf::* (8)
2. Locomotion > Legged Locomotion 66 #46: Learning for Robotics > Datas:** (7)
3. Multi-Robot Systems > Coordination 63 #49: Learning for Robotics > Deep **+ (7)
4. Manipulation > Contact-rich Manip:-- 60 #51: Theoretical Foundations > For:** (6)
5.  SLAM & Localization > SLAM 52 #22: Perception & Sensing > Tactil-** (23)
Top-3 Phyla

Locomotion (171), Manipulation (141), Planning (141)
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Cohort Wall — 54 &H2| 2 & paradigm

2013-2017 — Visual SLAM - TAMP - g 2 &

Headline

Physical HRI =4} (+38 ranks), Task & Motion Planning &}, Foundation Models2| O[Af|
(12H).

Top-5 Classes (1,349 papers) S84 (rank 1 vs &M cohort)

1.  Planning > Path/Motion Planning 109 #57: Planning > Task & Motion Plan---
2. Locomotion > Legged Locomotion 76 #15: Human-Robot Interaction > Phy--
3. Multi-Robot Systems > Coordination 65 #34: Learning for Robotics > Found:--
4.  SLAM & Localization > SLAM 52 #39: Multi-Robot Systems > Multi-R:-
5.  Other / Unclassified > Unclassifi--: 49 #38: Human-Robot Interaction > Sha-
Top-3 Phyla

Planning (164), Locomotion (164), Manipulation (143)
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Cohort Wall — 54 &H2| 2 & paradigm

2018-2022 — Sim-to-Real + RL =73}

Headline

RLO| +17 ranks 2 #12 ZIQl. Tactile sensing 108 (#17). OtZ! Foundation Models Z& &£l X 9|
plateau.

Top-5 Classes (1,547 papers) S84 (rank 1 vs &M cohort)

1.  Planning > Path/Motion Planning 103 #62: Perception & Sensing > Radar -+ (5)
2. Multi-Robot Systems > Coordination 70 #17: Perception & Sensing > Tactil**+ (29)
3. Manipulation > Contact-rich Manip-*- 66 #64: Theoretical Foundations > Rob-* (5)
4.  Locomotion > Legged Locomotion 61 #53: Theoretical Foundations > Sta*** (8)
5.  Locomotion > Aerial Locomotion 57 #12: Learning for Robotics > Reinf::- (38)
Top-3 Phyla

Manipulation (179), Planning (168), Locomotion (154)
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Cohort Wall — 54 &H2| 2 & paradigm

2023-2025 — Foundation Models A|CH

Headline
Foundation ModelsZ} &t 3.EHBH0{| 452 ranks — #3 (66H). Diffusion Policy - VLA - 3D Gaussian
Splatting SLAMO| SA|7|0f| S&t.

Top-5 Classes (1,581 papers) S5 A (rank 1 vs Z 7 cohort)

1.  Planning > Path/Motion Planning 117 #3: Learning for Robotics > Found*** (66)
2. SLAM & Localization > SLAM 72 #43: Control > Safety-Critical Con-** (12)
3. Learning for Robotics > Foundatio-** 66 #22: Control > Optimal / Predictiv--- (23)
4. Multi-Robot Systems > Coordination 63 #62: Perception & Sensing > Event-+** (6)
5. Locomotion > Legged Locomotion 59 #24: Learning for Robotics > Datas- (21)
Top-3 Phyla

Manipulation (198), Planning (188), Learning for Robotics (159)
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Paradigm shifts close-up

Cohort A}O|2] “rank race”

Class 88-92 93-97 98-02 03-07 08-12 13-17 18-22 23-25
Path/Motion Planning 3 2 2 3 1 1 1 1
Mechanism Design — — 1 2 7 12 14 12
Legged Locomotion — — — 1 2 2 4 5
SLAM — — — 9 7 6 5
Foundation Models — — — — — 34 —
RL — — — — 43 24 11
Grasping — — — 12 9 8 7 8
Mlo| =Xt= SHE cohort L Class rank (1 = Z|C}). “~" = 5H 0|0t 2 L-0|= X{Z|.
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Paradigm shifts close-up

2023-2025: Foundation Models2| S%t

m 2022 A7/FX| Foundation Models for Robotics= Learning for Robotics Phylum 9F{| A
sub-rank.
m 2023-2025 cohort0f| A (66 papers).
m SA|7| S 7} paradigm shift:
m Diffusion Policy (2023 A =& — 5£%& 19H)
m Vision-Language-Action (VLA) (2023 S%f — 5+& 16H)
m 3D Gaussian Splatting SLAM (2024 S%F — 8H)
m Hierarchical / Flow Matching policies, Sim-to-Real Legged B &35}

m ZE: 20233 &t 57} modern robot learning2| £7|A.
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Paradigm shifts close-up
2003-2007: SLAM ™

1998-2002 cohort: SLAM 2 #50+ &2

2003-2007: +43 ranks — #9 (34 papers).

E2|7: FastSLAM (2002) — GraphSLAM/SAM (2006) — EKF-SLAM ®EZ3}.
Aerial Locomotion (428 ranks) SA| S& — EE SZHo| A|2HA.

o|82 E& (+30 ranks) 22435} — DaVinci &AF RHEH A|7].
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Paradigm shifts close-up
2008-2012: Learning?2| A UA|™ E1}

= RLO| (O] Xl 72| iAUZ) — 8 papers

m Datasets & Benchmarks (+77 ranks) 2 S%t

m Deep Learning Application (474 ranks) X SZt

m Tactile Sensing (427 ranks) — sensor fusion A|CH2| AS
[

0| cohortZ} “learningO| robotics2 E0{27| A|&t5I =72V2 7| B E A.

Phylogeny (7,477 papers) Robotics 304 April 26, 2026 21/34



Paradigm shifts close-up
2018-2022: Sim-to-Real RL A%}

m RLO| 417 ranks — #12 (38H) — & 0|4} nicheZ} O}

m Sim-to-Real Legged Locomotion: 2018 & S%F — 2021-2025 +% 18H
Ct 4400 =& o2 CH St

m Tactile Sensing 1% (#17) — multi-modal perceptionO| Z271X| Af0tt= @A,

m Reachability Analysis, Robot Safety £ 4F — learning 0| deployment 7|77[2| & &5
safety 7| [C}2}=CF
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Paradigm shifts close-up

2013-2017: TAMP + Physical HRI 4+ Foundation M|Q}

m Physical HRI (32
m Task & Motion Planning (TAMP):

). B=

H o 1

2 (Cobot)2| SZt Al7].

— symbolic + geometric2| &

m Foundation Models2| & O|AM|SE S& (12H). 54 & Z4t9| “ancestor”.

m Multi-Robot Planning (+33 ranks) — multi-agent decision makingO| 22| =l A|7].
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Paradigm shifts close-up
Al2}E] 20} (cohort wall2 £ surface ZZ)

m Visual Servoing
Pre-2015: 50 — Post-2020: 4 (XtZ 8
st& 7|8t M|0] / end-to-end HHO| S5
m Computational Biology Robotics
Pre-2015: 28T — Post-2020: 0H (2t A H)
IJRR E&& CE= — 2015 0|= 7l venue 2 0| =.
m Taxonomy validation: St 207} A2 “SAS”E H|0|E =2 2015t 5
phylogenetic Zt& 2| s Al J71X].

PN

)

Ot

ro

Phylogeny (7,477 papers) Robotics 3014 April 26, 2026 24 /34



Taxonomy Validation

Citation ™M1} — “Q17|” vs “Ask=d”

Phylum Mean cites Median x overall

SLAM & Localization 85.6 42 x1.26

Locomotion 85.0 37 x1.26

Robot Design & Hardware 83.3 36 x1.23

Human-Robot Interaction 77.0 35 x1.14

Perception & Sensing 59.1 26 x0.87

Learning for Robotics 47.5 9

Theoretical Foundations 44 8 21
m Learning for Robotics= — HEE£0| HE =2 (median 9).
m Q17| 20F # He F 20 — cohort E410| 0 X|0|E MH.
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Taxonomy Validation

Sk=X| &1 AH2ZF (T-RO vs IJRR vs RSS)

Venue Top 1l Top 2 Top 3
T-RO  Locomotion (12.7%)  Manipulation (11.6%) Robot Design & HW (11.4%)
IJRR Manipulation (13.9%) Planning (11.9%) Locomotion (11.5%)

RSS Planning (14.1%)

Manipulation (12.0%)

m RSSQ| Learning H|S2

m T-RO = hardware/design, IJRR2 2 112|S M — EF 7} venue2| MA| M S EF ZHolH.

(=]
m Cohort x VenueZ H &7]| EM RSSQ| Learning H|Z0| 0{= cohortdf| Z2LH =X =

IIs.

Phylogeny (7,477 papers)
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Taxonomy Validation

b i X=1

- =2 O

Stefl ZI) Al: 13 Phylum overview — 24! Phylum 2| cohort wall — 1 2t2| paradigm
shift € 2t t=

231 ZAL Al: Cohort2| “X =2 + dominant paper’E XI5 F& 7}5 (0|0] viewer

olAM DOI E32 &)

FE|22 AMA Al: 2023+ cohort2] “22 Qlo{of &t 5" S HofH Z =& — phylogeny
7t 7HXIRIZ | E LBE

EXL/PI 2|AFZ A Faded vs emerging Class2| H|CH& — O{C|0f| A|ZH2 & ZACIJt

Phylogeny (7,477 papers) Robotics 304 April 26, 2026 27 /34



Taxonomy Validation

Live Tools

m Site: https://gisbi-kim.github.io/robotics-paper-phylogeny/
m QIE{EHE|H viewer 5 7}X|:

m Radial Tree — pie chart, ZAH + =X chip + DOI modal

m Horizontal Collapsible Tree — Z}-S phylogenetic SEHl

m URL state share: £ wedge 22| — #tab=tree&node=... URL SAIZ 1 AE| 2R

m KR/EN EZ: A appbar

m O|O|E] refresh: refresh_from_atlas.py (RoboPaper Atlas snapshotO| A citation/DOI
713
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Taxonomy Validation

Limitations

— =
m M[=0FAFZ: Abstract O|Z & — XM|F0| 255tH 2F H &= X5} (Editorial /
Unclassified 6.7%).
m 370 H'E SH: ICRA/IROS/RA-L O|=Z &t — 5t3| 2M9| 20z ot EolE = US.
m Citation A|Z Z1}: Z|2 cohort= & QI A2t BF — Q&= H|u= HOHZEC
2 Hfof &t

m IO B} B =8 = 5t FiE|De). YEIBE =22 JHE specificst RO2 5.
—
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Taxonomy Validation

23 ol|A|: Manipulation2| 304

Cohort Top Manipulation Class CHE BIHE
1988-1992  General Manipulation XA inverse kinematics, force control
1993-1997  General Manipulation Force/Impedance control E&35}
1998-2002 Mechanism Design Underactuated/dexterous hand C|X}9l
2003-2007  Grasping (force-closure) Grasping wrench-space analysis
2008-2012  Grasping (data-driven) “Grasping novel objects” (Saxena, 2008)
2013-2017  Contact-rich Manipulation  Tactile-driven planning, RL A| =
2018-2022 Contact-rich Manipulation  Diffusion / ILO| force-closureE F&
2023-2025 Contact-rich + Deformable
St Phylum Qto|AM{ = Class £HR| 2 paradigm shift 7} 4-58 201t — phylogenyZ} 11 7HX|X| 7| &
ZBict,
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Taxonomy Validation

23 o|H|: SLAM & Localization2| 30

Cohort State of the art

1988-1997 72| gl2. Occupancy grid mapping2| =7| ELCH.
1998-2002 Probabilistic robotics &5} (Thrun et al.).

2003-2007 FastSLAM, GraphSLAM. SLAMO| main-stage & (#9).
2008-2012 Visual SLAM, EKF/iSAM/sliding-window E&
2013-2017 Visual-Inertial Odometry (VIO), ORB-SLAM A|2|=
2018-2022 LiDAR-Inertial Odometry (LIO), multi-modal fusion.
2023-2025 3D Gaussian Splatting SLAM, neural rendering Z &t

SLAME cohortO}C} “modality =7} TH& — Bt — A|ZF — IMU =7} — LIDAR =7} — neural
geometry. Phylogenetic tree 2 XIRIAR | E5E.
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Taxonomy Validation

Future Work
m Cohort x Phylum heatmap: Zt cohort2| phylum signatureE st o 2
m Class-level alluvial: 21 cohort Zt rank S & & Sankey £ A| 2t}
m Author network ZEh 57} O{tH paradigm shift& 210 =7}
m Abstract 7} 28 ME T SFAF + Genus BEHA| sub-rule &HEF

m ICRA/IROS % 7,477 — 80k+ 22 &% (atlasof| 0]0] JS)
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Taxonomy Validation

kO
2

Robotics 30

SLAM (2003-07) — Learning seeds (2008-12) — Sim-to-Real
(2018-22) — Foundation Models (2023+)

4pio| 27|Mo= Malgct,
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Taxonomy Validation

Q&A

https://gisbi-kim.github.io/robotics-paper-phylogeny/
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