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Central Idea

Contributions

Autonomous Face Clustering

. . . . . . Algorithm 1: Face Track
e A fully self-supervised video face clustering algorithm, which progressively Clustering
learns robust identity embeddings for all faces within a given video face e — A Stage 3.3 (Perform track
) i clustering):
Track cr T = 1l =02 o, V) Initialize i = 0,C = {C; =
dataset. e P12y = Ulig iy ool f = {tjz}¥) = 1,2,..., N}
Pair 1 ne*urnrlle in,o e t, Similari RepERs :
e A self-supervised model finetuning approach that removes any dependence similarity :in;rgflé(c ‘ ‘91 tS kl Yo frGincde
: —> Custom track age . \~zompute track crop Simjj +—
on manual ground truth cluster labels. P—— parny  Mean match threshold P+ s mean({S(tymes tusy)
. o o . . . . [ Initializati - similarity for I4,, in t; do if Simp ’
e A deep learning-based similarity metric for face -clustering, which e rarcombinaors . QT 28 ) Thresy, Threse
. . . . el tie = {Et;, Bty, ..., B, } then
automatically adapts to a given model’s learned embedding space. ! Custom Track Match Threshold Computation na | B
M M M Ea_e l.E’ 2}_(?);1.1“ 11;”2 custom end
e A novel video face clustering algorithm that does not depend on any | Final Clustering ek throahotgy e
I for tj}? in Tg do end '
user-input parameters. | = = Tirmsgg — {805, i) Now  cimster count(C)
o . . I Track 1 Track 2 Té;?_ — TrZLean imy . Repeat Stage 2 for new
e Release of a novel video face clustering benchmark dataset with extreme X e — e i) merged duser st
. . . . . . SRR et pair generation TEN Tinres = {T_’hrestl, ""ThTeStN} un iZ _;, — No. . =0
challenging face clustering scenarios in movie domain. & rack Embedding Outpmis St fanrk TORE
~_ Dataset

Character Face Clustering in Movies Self-Supervised Face ID Model Finetuning

MLP head finetuning with feature encoder
weights frozen for few initial epochs.
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Trivial Face

Objective: Given an entire movie
sequence, cluster main character face

Literature Datasets: Big Bang Theory SO1 & Buffy The Vampire Slayer SO5

Student branch

8
.- Herop

Class token Method BBT S01 Episode Method BVS S05 Episode
1 1 11 Large scale pre-trained image similarity loss . S5E1 [ S5E2 [ SFE3 [ S5E4 | S5E5 [ S5E6 [Combined
tracks across common facial identities. Hpeloile Qs s SIE1[S1E2[SIE3|SIE4[SIE5 [SIE6 [Combined  —pumems |- 505 - i :
i o e SCTL [54] |66.48| - - - - - - WBSLRR [56] - | 627 | - - | = -
Add Any class of CNN/Transformer architecture | MLP head TS.lam 41] | 96.4 - B - - - - TSiam [41] - 9246 - - - -
geometric SSiam [41] | 96.2 - - - - - - SSiam [41] - |90.87| - - - -
H H H - and/or color Perform random Teacher weights updated | (only for transformer archs) % MLR [4] 95.18194.16 | 77.81|79.35|79.93|75.85 83.71 CP-SSC [44] - 65.2 - — — -
MOVle dOma'n SpeC'ﬁC Cha”enges: Trivial Face Trivial Face =2 transforms image Patcfh maSki:8 using moving average of i ﬁ’% BCL [47] [98.63[98.54(90.61 |86.95|89.12(81.07| 89.63 MvCorr [43] - 97.7 | - - - -
L g P TR reormeca e student weights | \ CCL [42] | 982 - _ _ _ _ _ MLR [4] |71.99|61.27|66.60|67.07[69.59|61.72| 66.37
Extreme variations across character Petch tokens VCTRSF [53]]99.39 |99.84|97.58 | 96.41 | 98.47|93.33 | 94.20 ey %g} 92081 75.70| 8400 84,971 89,05 8058 63.62
similarity loss = . = = = = =
° ° ° ° . . . g I (only for transformer OurS*T 99.70 99.67 98.60 98.80 99-10 97. 10 98.70
Randomly sample image Predict facial landmarks Replica of above atch) Oursxf 96.30/99.10(98.70/97.43(99.00/96.78| 96.10
face pose’ I Ightl ng Cond Itlons’ heavy pair from within and perform face o
occlusion, blur and facial appearance et e '
’ : Teacher branch | e .
Release of MovieFaceCluster Dataset
I (only for transformer archs)
! . . . . .
Varying Parameter . T-SNE Cluster Visualizations - Left Ground Truth, Right Predicted
. Pose . nghtlng . (Pal’tlal) Occlusion . EXpreSSiOn . Appearance Chanqe . . B T-SNE embedding visualization - Ground Truth — T-SNE embedding visualization - Predicted
loss: -1*softmax(vec_1/temp_1)*log_softmax(vec_2/temp_2) Literature Dataset Comparison |leg=2 A = b
temp_* : softening temperature : '“"i B %E . e
Coarse Track Matching ™ %
o MovieFaceCluster : An Elephant's Journey B
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Min Area Filtering Top K Area Filtering 0n0 ( %OO\ Repeat for e\ <% = \ ) ) i &'y
Frame Sequence (Disregard crops having area (Consider only top k crops arranged in Erame'T Eraraf T+1 Frame T+2 b aach track S5 ? Bt
> lower than a set threshold) descending order based on their area) | I tsne dim_1 - © - - tsne dim_1 “ “
with detected faces I I ovieFaceCluster - Death Do Us Par
- I Embeddlngs belonging tO t'Sne embedding Space t‘Sne embEdding Space GaUSSianS ﬂtted fOf eaCh - T-SNE embedding visualization - Ground Truth e T-SNE embedding visualization - Predicted
........ I I Since this face has been tracked across all three consecutive frames, l Sigleitrac with gaussian fitted for the | Hack “ JiE e
: - ) I P l > only one crop (track representative) needs to be identified, so that all \ Sinele Track : single:track ! M=
gle Track Processing o =
I ' faces in the particular track will automatically then be identified. The N e e e - - - ——— M M_— _7 » JiE o o
Seenabul I I most frontal face crop is currently selected as the representative. S “ ( ) S % ‘ ' ; N 3
Detection Dat Blurry Face Filtering ) e e e e e e e e 5 0 N B iE o N
etection bata I (Disregard crops having blurred I s i 2 N\ vonerseetter Troposed H 5 3 = o
faces above a set threshold) / 'Rejectet?l il 3 ® P = o4
I I ' embedding of neighbouring track \ L i - -
System Input Step 1: Face Crop Filtering Step 2: Face Motion Tracking : oo foark ! S — 5 — — :
I (Helps filter foreground/interesting I (Helps tr-aCk a given face across Randomly sample crop | MovieFaceCluster : American Fight Fest
faces to identify from background faces) consecutive sequence of frames) I a crop from |
I I i randomly sampled —> I Movie
i matched tracks Matched track I An Armed Angel Death American The Under The S.M.A.R.T.
[ AL fop | Method Elephant’s Response Of The Do Us Fright Fortress The Hidden Chase
i embedding of neighbouring o Journey Skies Part (2019) Fest Shadow Soldier
For given track, compute Select outer 25% crops Set custom track match CoutEaN track " SretxingRention. ' (2019)
| df val f all having the lowest pdf threshold using mean of embedding of all other netuni i ' .
| P va\:?t;?n ;_ SR vl the bottom 25% pdf values tracks and compute its pdf l Weighted Cluster Accuracy (%) & Pred Cluster Ratio (Pred / GT)
w.r.t. given track | TSiam [41| | 90.7 & 1.44 | 84.9 & 1.36 | 77.1 & 0.62 | 92.9 & 1.57 | 89.3 & 0.83 | 68.6 & 0.69 | 71.8 & 2.11 | 90.7 & 1.33 | 79.6 & 1.70
\\ Track soft matching and sampling / SSiam [41] | 88.1 & 1.61 | 86.6 & 1.21 | 75.5 & 0.59 | 94.4 & 1.28 | 86.2 & 0.78 | 71.1 & 0.73 | 68.3 & 2.33 | 88.7 & 1.24 | 82.3 & 1.80
e N S U U ——— g JFRAC [6]1] | 91.4 & 1.33 | 85.2 & 1.50 | 73.4 & 0.62 | 90.8 & 0.71 | 91.5 & 0.86 | 65.3 & 0.77 | 73.1 & 2.00 | 92.6 & 1.19 | 85.8 & 1.70
_ , y i CCL [42] |89.5 & N.A.1[89.7 & N.A.1|75.0 & N.A.i|95.4 & N.A.1[87.2 & N.A.1|62.7 & N.A.1|77.4 & N.A.{ [84.0 & N.A.1|89.9 & N.A.}
y i M:t'°” I”itc Cmpfsa’:fp o VCTRSF [53]|96.3 & N.A.|92.2 & N.A.T|77.7 & N.A.T|96.5 & N.A.T|91.3 & N.A.i [78.8 & N.A.1 | 78.7 & N.A.1 |94.4 & N.A.}|88.4 & N.A.{
S ithin t i int
ERHRIEAS= SRS LARR SSRGS Heihienst) Ours 97.2 & 1.11 94.1 & 0.93 (85.9 & 0.72 | 98.0 & 1.14 (97.6 & 0.92 | 89.3 & 1.02 82.5 & 1.88 1 98.5 & 1.04|93.8 & 1.50




