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*Comparison of existing well-behaved Power Normalization
(PN) functions Ko- niusz and Zhang (2021) and our learnable
PN function
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Loss function: L = i o AV

Temporal attention variation regularization:

T2
L D N f(Dey1) — F(D)I|F,
t=1
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[Pretrained: Baseline [Pretraineds¥% [Pretrained=#: [Pretrained ¥

PEeainede] +VMPs*| ([Pretrained#*]|) +VMPs*] +VMPs*| +VMPs*|
Top-1 36.6 371105 50.6 56.616-0 56.215-6 57.116.5
Top-5 66.9 66.2 +07 81.8 84.412:6 84.312:5 83.711-9

Table1: Variant study of finetuning on MPIl Cooking 2 using TimeSformer.
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Experiments & Discussion

Table 2: Evaluations are conducted on (left) HMDB-51, and (right) FineGym, MPII Cook-
ing 2, using SlowFast, X3D and TimeSformer as backbones. For SlowFast, we
explore three variants by adding motion prompts into the slow-only stream, fast-
only stream, and both slow and fast streams. We highlight improvements in red.

HMDB-51 FineGym  MPII Cooking 2
Medel Split 1 Split 2 Split 3 Mean. Model Top-1 Top-5 Top-1 Top-5
SlowFast 5.4 o2 76.9 7 (% SlowFast 89.8 99.2 52.9 86.1

+VMPs (slow-only) 76.811-477.010-877.310-477 010-8 L VMPs (slow-only) 89.749199.2  55.512:6 84 516
+VMPs (fast-only) 76.5M-177.411-277,110-277 010-8 L VMPs (fast-only) 90.310-599.310-155 212384 (421
+VMPs (slow&fast)76.210-876.710-577.110-276.610-4 1 VMPs (slow&fast)90.170-399.310-156.873-986.610-

X3D 750 726  73.4 737 X3D 83.0 984 484 80.8
+VMPs 75.810-878 210.673 g10.274 910.5 L VMPs 83.810-898 610-249,110-7 8() ¢ 102
TimeSformer 27 73.:1 22 DT TimeSformer 83.6 08.7 50.6 81.5

+VMPs 74.211.574 811.279 910.773 8T1.1 L v MPs 84.410-8 98 510256 @16.084 412-9




ISCUSSION

—— pretrained vs. baseline (finetuned, no VMPs)

Experiments & D

e

——

==

— — ————

baseline vs. finetuned with VMPs
—— baseline vs. a second round of finetun

ith VMPs

ing wi

ith VMPs

ing wi

- finetuned with VMPs vs. a second round of finetun

F 3yB1om zoy djw TT'S320|q"|9pow
F3y61am 124 djw T T°520|q°|]9pow

F 3ybram oy |esodway TT1°S¥20|q"|9pow

F 3ybrom-fosd ujre [esodway T1°S)20|q’ [Spow
F 3yBram A bruie|esodway T1°S¥20|q ' |]apow
F3yb1om-[oid upe T1°s>20|q’'|apow

F 3ybramAbrune’ 11°s320|q'|]apow
F3yb1am:zoy djw QT s20|q" [9pow

F 3yB1om 12y djw QT 'S20|q"|9pow

I 3yb1am oy jesodwia) QT 'S%20|q" [Spow
F3ybram-foad-une jesodway 0T 's20|q [opow
F 3yBram Ay brule |elodway QT S}20|q |apow
I 3ybram:foid uize’Q1's320|q’ [opow

F 3yB1am A> b uRIR 0T SY20]q"[9pOW

F 3ybram:zoy djw 6°s320|q’ |opow

F3ybrom 124 djwi6°5320|q"[9pow

F 3yB1am oy~ |e1odway 6°s320|q [opow

F 3ybrom-foud ujye” [esodwiay 6°sx20|q ' |apow
F 3yBram Ay bruie jelodwiay 6°s320]q  [Dpow
I 3yb1om-[oid une 6°s320|q’|opow

- 3ybramAxbrune’6's320|q’[opow

- 3yb1am:zoy djwi g s320|q [opow

F 3ybram 124 djw g s320|q’ |opow

F 3yBrom oy~ |esodway’ g sx20|q [apow

F 3ybram-foid ujye” [esodway g syd0|q'|apow
F 3yBram Axbruie elodwiay’g s)o0|q’ [opow
F 3ybram:foud ujye g syo0|q’|apow

F 3yB1am As b uRIe’ g SY20]q " [9pOW

F 3ybramzoy djw £'s320|q’ |opow

F3yB1om 124 djwi £ S320|q"[9pow

I 3yb1am oy jesodwiay £ s320|q° [opow

I 3yBrom-fosd ujye” jesodwiay £ s320|q'|apow
F 3yBram A bruie”|elodwiay’ £ s320]q [Dpow
F3yb1om-foid une: £ s320|q'|opow

F 3ybBramAxbrune’ £ s320|q’[opow

- 3yb1am:zoy djwir9sy20|q [opow

F 3ybram 124 djw 9 s320|q’ |opow

F 3yBrom oy~ |esodway'9°sx20|q [pow

F 3ybram-foid ujye” [esodway 9°syd0|q'|apow
F 3yBram Axbruie jesodwiay’ 9 s)00|q’ [Spow
F 3ybram:foud uize 9 syd0|q’|apow

I 3yB1am A b ure'9°s320|q |]9pow

I 3ybram:zoy djw g s300|q’ |opow
F3yb1om 124 djwi G s320|q [9pow

I 3yb1am oy jesodwia) G s320|q [opow

F 3yBrom-foud ujye” |esodwial G s320|q |apow
F 3yBram Axbruie”|elodwiay g s)20|q [opow
I 3yb1om-[oid une g s320|q’|opow

- 3ybBramAxbrune g syo0|q [epow

F 3yb1am-zoy djw 's320|q° |]opowt

F 3ybram 1oy djw 's320|q’ |opow

I 3yb1am-o4” [e1odway °S320|q° |9pow

F 3ybram-foud ujye” [esodway 4°sx20|q'|]apow
F 3ybBramAxb-uze” |elodway 'sy20|q |9pow
F 3ybram:foud ujze°syo0|q'|apow

I 3yB1am A b-ure °s320|q |opow

F 3ybram:zoy djw g s300|q’ |opow
F3yb1om 124 djwirgs320|q"[opow

I 3yb1am oy jesodwia) £'s320|q° [9pow

I 3ybram-foad uize” jesodway €°s320|q'|]dpow
F 3yBram A bruie”|elodway £'S320]q" [Dpow
I 3yb1om-[oid upe g s320|q’|opow

- 3ybram Axbrune g s3o0|q [opow
F3yb1om'zoy djwz sy20|q’|opow

F 3ybram 1oy djw z's300|q’ [opow

I 3yBram-oy” [e1odway z's320|q° |9pow

F 3yb1am-fosd ujye” [esodway z'sx20|q'|apow
F 3ybBram Ay b-uze” |elodway z'sx20|q |9pow
F 3ybram:foid ujye z'syo0|q'|apow

I 3yB1am A b-ure’z's320|q |spow

F 3ybramzoy djw 1°s320|q" [opow

Fybrom 124 djwi T's320|q"[9pow

I 3yb1am oy jesodwa) 1's320|q° [9pow

I 3ybBram-foad-uize” jesodway T°S320|q'|]opow
F 3yBram Adbruie”|elodway 1°S320]q  [Dpow
I 3yb1om-foid une 1°s320|q'|opow

F 3ybBramAxbrune 1°s320|q’[opow
F3yb1am’ zoy djwir0'sy20|q’ |opow

F 3ybram 1oy djw’ 0 s300|q’ |opow

I 3ybram oy~ |esodway 0's320|q [dpow

F 3ybram-fosd ujye” [esodway °sx20|q'|apow
F 3ybramAxbruie jesodwiay 0 s320|q [opow
+ 3ybram:foid ujye Q°syo0|q’|apow

I 3yB1am A b-ure’ 0 s320|q |opow

F 3ybram-fosd paquia yojed:|apow

F paqwia awiy'|apow

I paqwia sod japow

I U203 S|’ |spow

1.000 A

0.995
0.990 -
0.985
0.980 -
0.975 4
0.970 1

0.965

0.960 -

0.955 4

0.950

ight similarity
inetics-600 as the

layer we

ing via per-

*Roles of VMPs in model finetun

ics

t

donK

ine
backbone, and finetuned on MPII Cooking 2 with or without VMPs.

. We use TimeSformer pretra

comparison



ISCUSSION

Experiments & D

F 3ybram o zyoueliq-zsal TAemyied-gs
F 3ybram g zyouelq-gsal  TAemyied-gs
F 3ybram e zyouelq-zsas TAemyied gs
F 3ybram o zyouelq-1sal” TAemyied gs
F 3ybram g zyouelq-1sal” TAemyied-gs
F 3ybram e zyoueaq 1sas TAemyied gs
F 3ybram o zyouelq-gsal” TAemyied gs
F 3ybram g zyouelq-osal” TAemyied-gs
F 3ybram e zyouelaq-osas TAemyied gs
F 3ybram Tyduelq gsal TAemyied-gs

F 3ybram o zyouelq-zsal pAemyied-gs
F 3ybram g zyouelq-gzsal  gAemyied-gs
F 3ybram e zyoueuq-zsas gAemyied gs
F 3ybram o zyouelq-1sal” pAemyied gs
F 3ybram g zyouelq-1sal” gAemyied gs
F 3ybram e zyouelaq-1sas gAemyied gs
F 3ybram o zyouelq-gsal” pAemyied-gs
F 3ybram g zyouelq-osal_ gAemyied gs
F 3ybram e zyouelaq-osas_ gAemyied gs
F 3ybram Tyduelq gsal” pAemyied-gs

F 3ybBlam sz Auod'asny s

F 3ybram o zyouelq-gsal  TAemyied s
F 3ybram g zyouelq-gsal  TAemyied s
F 3ybram e zyouelaq-gsas TAemyied s
F 3ybram o zyouelq psal” TAemyied s
F 3ybram g zyouelq psal” TAemyied s
F 3ybram e zyosuelaq ysas TAemyied s
F 3ybram o zyouelq-gsal” TAemyied s
F 3ybram g zyouelq-esal” TAemyied s
F 3ybram e zyouelaq-gsas TAemyied s
F 3ybram o zyouelq-zsal TAemyied s
F 3ybram g zyouelq-gzsal  TAemyied s
F 3ybram e zyosuelq-zsas TAemyied s
F 3ybram o zyouelq-1sal” TAemyied s
F 3ybram g zyouelq-1sal” TAemyied s
F3ybram e zyouelq 1sas TAemyied s
F 3ybram o zyouelq-gsal” TAemyied s
F 3ybram g zyouelq-osal” TAemyied s
F 3ybram e zyoueaq-osas TAemyied s
F 3ybram Tyduelq gsal” TAemyied s

F 3ybram o zyouelq-gsal~ pAemyied s
F 3ybram g zyouelq-gsal- gAemyied s
F 3ybram e zyouelaq-gsas gAemyied s
F 3ybram o zyouelq psal” pAemyied s
F 3ybram g zyouelq ysal- gAemyied s
F 3ybram e zyouelaq ysas_ gAemyied s
F 3ybram o zyouelq-gsal” pAemyied s
F 3ybram g zyouelq-gsal- gAemyied s
F 3ybram e zyouelq-gsas  gAemyied s
F 3ybram o zyouelq-zsal pAemyied s
F 3ybram g zyouelq-gzsal gAemyied s
F 3ybram e zyouelq-zsas gAemyied s
F 3ybram o zyouelq-1sal” pAemyied s
F 3ybram g zyouelq-1sal- gAemyied s
F 3ybram e zyoueaq 1sal gAemyied s
F 3ybram o zyouelq-gsal” pAemyied s
F 3ybram grzyouelq-osal- gAemyied s
F 3ybram e zyouelaq-osal_ gAemyied s
F 3ybram Tyduelq gsal” pAemyied s

F 3yblam'sg) Auod'asny €s

F 3ybram o zyouelq-gsal  TAemyied s
F 3ybram g zyouelq-gsal” TAemyied s
F3ybram e zyouelq gsas TAemyied s
F 3ybram o zyouelq-zsal TAemyied s
F 3ybram g zyouelq-gzsal  TAemyied s
F 3ybram e zyouelq-zsas TAemyied s
F 3ybram o zyouelq-1sal” TAemyied s
F 3ybram g zyouelq-1sal” TAemyied s
F 3ybram e zyoueaq 1sas TAemyied es
F 3ybram o zyouelq-osal” TAemyied-gs
F 3ybram g zyouelq-osal” TAemyied s
F 3ybram e zyoueaq-osal TAemyied s
F 3ybram Tyduelq gsal TAemyied-es

F 3ybram o zyouelq-gsal” pAemyied s
F 3ybram g zyouelq-gsal- pAemyied s
F 3ybram e zyouelq-gsal gAemyied s
F 3ybram o zyouelq-zsal pAemyied s
F 3ybram g zyouelq-zsal pAemyied s
F 3ybram e zyouelq-zsal pAemyied s
F 3ybram o zyouelq-1sal” pAemyied s
F 3ybram g zyouelq-1sal pAemyied s
F 3ybram e zyouelq 1sal pAemyied s
F 3ybram o zyouelq-osal pAemyied s
F 3ybram g zyouelq-osal- pAemyied s
F 3ybram e zyouelaq-osal pAemyied s
F 3ybram Tyduelq gsal” pAemyied-es

F 3ybBlam sz Auod'asny zs

F 3ybram o zyouelq-zsal TAemyied-zs
F 3ybram g zyouelq-zsal  TAemyied-zs
F 3ybram e zyouelq-zsal TAemyied-zs
F 3ybram o zyouelq 1sal” TAemyied zs
F 3ybram g zyouelq-1sal  TAemyied-zs
F 3ybram e zyouelq 1sas TAemyied-zs
F 3ybram o zyouelq-osal” TAemyied zs
F 3ybram g zyouelq-osal” TAemyied-zs
F 3ybram e zyouelaq-osal TAemyied-zs
F 3ybBram Tyduelq gsals” TAemyied-zs

F 3ybram o zyouelq-zsal pAemyied zs
F 3ybram g zyouelq-zsal pAemyied-zs
F 3ybram e zyouelq-zsal gAemyied-zs
F 3ybram o zyouelq 1sal” pAemyied-zs
F 3ybram g zyouelq-Tsal- gAemyied-zs
F 3ybram e zyouelq 1sas gAemyied-zs
F 3ybram o zyouelaq-psal” pAemyied zs
F 3ybram g zyouelq-osal pAemyied-zs
F 3ybram e zyouelq-osal_ gAemyied-zs
F 3ybram Tyduelq gsal pAemyied-zs

F 3ybBlam sz Auod'asny s

L 3ybBlamauod'wals TAemyied s

L 3ybBramauod wals pAemyed s

—
N\ LN
1 T
M
1.7
- —
= —
3
: > e ow
o 2 - e
e - -l -
B ()
mmM|
N [alNalya)
j = = =
N/ I I I
| -
_“_
i | -
—
3
meE 0
-—r N
: oo
== =
—
3
f mEw
y EEE
D >
0 00
Q O 9
2 s L£c
L TR TR TR
| I
| -
| I
° A o n o n o n °
8 & 3 3 3 5 5 3 3
— o o o o o o o o

larity comparison.

ight simi

layer we

ing via per-

*Roles of VMPs in model finetun
We use SlowFast pretrained on Kinetics-600 as the backbone and finetune i

on FineGym, MPII Cooking 2 (MPIIl), and HMDB-51 split 1 (HMDB-s1).
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We use X3D pretrained on Kinetics-600 as the backbone and fine
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*Roles of VMPs in model finetun

tune iton

FineGym, MPII Cooking 2 (MPIl), and HMDB-51 split 1 (HMDB-s1).
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*Per-class accuracy comparison is conducted between the baseline model
(pretrained on Kinetics-600 and then finetuned on MPII Cooking 2, without

VMPs) and our VMP-enhanced model on MPIlI Cooking 2, using TimeSformer as

the backbone.
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