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Backgroud

® Definition: A surgical triplet is made up of three components which is the instrument, the action, and the target,
which 1s defined by medical experts.

® Objective: The goal is to automatically recognize these triplets [tool, action, target] from each frame of surgical
videos.
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Research Gap Q>

Table 1: Comparison of existing surgical datasets with ProstaTD, highlighting the unique attributes
required for surgical triplet detection. LC and RARP denote Laparoscopic Cholecystectomy and
Robot-Assisted Radical Prostatectomy. Full BBox indicates that every frame is fully annotated with
bounding boxes. Complete Surgery denotes that the dataset as a whole provides coverage for the
entire surgical procedure. Triplet Boundary refers to the temporal start and end range of a complete
surgical triplet. Multiple Sources indicates that the data is collected from various hospital.

Attributes tatistics
Dataset Task S

Supervised Full Triplet-like Triplet Multiple Complete  No. No.
Detection BBox Structure Boundary Sources Surgery Instances Triplets

Cholec80-locations LC v v v 6,471 -
CholecTrack20 LC v v v 65,200 -
ESAD RARP v v v 46,753 -
PSI-AVA RARP v v 5,804 —
CholecQ LC v v v 14,480 17
CholecT45 LC v v 146,394 100
CholecT50 LC v v 161,988 100
ProstaTD (Ours) RARP v v v v v v 196,490 89




Contributions Q4

In summary, our contributions are fourfold:

* We introduce a new task with a new dataset for fully supervised surgical triplet detection at the
procedure level. To the best of our knowledge, our ProstaTD is the largest surgical dataset with
instance-level annotations.

* We construct a multi-institutional surgical triplet dataset featuring detailed labels (precise bounding
boxes and standardized triplet boundaries) in more complex surgical scenarios.

* We release two open-source annotation tools, which are the first specifically tailored for surgical
triplet annotation, along with an open-source evaluation toolkit for benchmarking surgical triplet
detection, providing a foundation for surgical triplet analysis across diverse surgical procedures.

e We introduce the first benchmark for fully supervised surgical triplet detection, providing our
tailored method as a baseline for comparison.



Dataset Structures Qa&b

21 Videos Our PWH (9 vids) PSI-AVA (8 vids) ESAD (4 vids)

(3 Data Sources)

: . Needle Clip
‘orceps irator 2 Endoba
7 Instruments Forceps ~ Aspirato Lo Grasper Sonlier g
10 Actions Dissect  Grasp Bag Suture Suck Clip Null
10 Targets Endobag Thread  Fluid Null
T vy '
71,775 - s |
Frames s e SRR ]
‘-.-{"E‘--i-‘l-‘”-\h--'_------'-k-;:---'----'a-
” .g‘ra?r‘retract_;proslgte, R e AR R T W .
: o e . : - retract, prostate> :
196,490 : (A Triplet 1 ' P |
i | _ A A (cx,, ¢y, w, h) 2
Detection IR M @00 o m e mr——e—e e
Instances - Ko 1505 o P S s RS AL 8 S S |
g : | <scissors, cut, bladder> .
o N e | i (cx,, ¢y, W, ) |
« .-:‘ .' - -" b T s s mm s omm s omm s mm s omm s omm s mm o o mm s s -
89 Triplet B e | | — o l__._._.
Categories + jforoeps, retract, bladder B Ve _ ( <forceps, retract, bladder> !
_ . . & : Triplet 3 ' [

&/

*_.,.\' ) 2 .__ﬁf.— _'" : ! (cxs, cy; W, h) . 5

3
A



Results

Table 4: Detection performance on the ProstaTD dataset for I, V, T, and IVT components. We report
mAP at IoU thresholds of 50% (“50”) and 50:95 (*95”), together with inference speed (FPS). All
results are reported as mean_ g4 (%) over 5-fold cross-validation. Experiments are conducted with
input size 640x640 on a single NVIDIA RTX 4090 GPU. Bold values with light green background
indicate the best results, and underlined values with light purple background indicate the second-best.

mAPI(%) T mAPv(%) T mAPT(%) T mAPIVT(%) T

Method FPS 1
50 95 50 95 50 95 50 95
Tripnet-Det* 1.60.4 — 0.60.3 — 0.40.1 — 0.10.0 — 331.8
R]:)\]—]:)et:ic 1.80.5 — 0.60.4 — 0.30.1 — 0.10.0 - 146.6
Faster R-CNN 73.34_9 63.25.4 48.45_8 42.15.3 43-56.3 37.65.4 25.94_4 22.63_9 23.4
Cascade R-CNN 69.551 59.65¢ 44.661 38556 39566 33.656 21646 18741 20.6
SSD 74.64.8 64.55,3 50.25_7 43.75,2 45.46.1 39.45,2 27.14_3 23.83,9 824
Vit-Det 86.528 73.60s 52246 45435 48145 41235 30239 26.835 16.8
Deformable-DETR 75447 65.052 51.157 44551 4632 40.150 27546 24041 245
RT-DETR 91.6p0 81.0,6 58947 52833 56824 50.60o 330355 29.633 66.3
YOLOvV10 88.413 80.72.2 59434 54925 54.632 50231 34341 31.835 200.3
YOLOvI1 88.21.4 80.025 59.132 54421 55.636 S51.035 34137 31.533 1852
YOLOv12 88.81.1 80419 59931 54822 54551 4999 34335 31532 204.1
TAPIR 76.14_5 65.84,8 52.35.1 45.64,6 47.15.4 40.54,7 28.44_7 24.64,2 10.6
MCIT-1G 77444 67246 53.649 46943 48451 41845 29.645 26040 16.0
TDnet (Ours) 899:3 81.0209 61.729 56321 55724 50827 36134 33131 126.6

" Weakly-supervised methods.
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