RRPIPS: Respiratory Waveform Reconstruction using Persistent
Independent Particles tracking from video

ABSTRACT

OIS R KN S pur sau X spr
S mgw S pr mx
pr rx ( )wmg ng X ®m xspr x
XWAS— prow x »r s RoTR W
e et s swm m s Tr ng
(T P)pr  ma m prps xS fim waw  x wa Persistent
Independent Particle( P Ps) r ma  x r WS wawM W
(G ) A s M W r SS mg ne
X NgWRE W MXg B sp s X spr
X oW WS wr P »oppr mgnfisrspr r wm m
US Mg S s wm gn fi nouw
Qu®W rwWg W WP S Pr r W T » . m
rm rg »n wfi » rW W s
Mg SP X I wS N P Ps m Sew

P wms

X

WS

o
e rspr o«
»n fin s x

g ws T x »
ng S X mpr s Xwas
e S CUUR S XX Spx x m® W ¥
®g ™ wwg in-house nopu s s

Ik BS W WX

[72)
=t
=
]
w
8
&

wr )

=t

s sw X Sspr x

=
2
-
s
=
=
=
=
2]
e
=
7]
5 @
=1
3
=t
=
-
=1
2
—
5 7
- =
172}
@
-

X SS Mg WM S x
S g s T r ug msw S
w X pRR W »w

wr s m s supp 1 wr

KEYWORDS
P x » Ss spr x x Tr  wg

ACM Reference Format:
PPS Rspr x AR wmsrw wmwswgP rss m o®
pe ® Pr sx mgrw ® Proceedings of Make sure to
enter the correct conference title from your rights confirmation emai (Confer-
ence acronym ’XX). x S 1 psgs ws// re/

1. INTRODUCTION

spr rrxr () rox N r €@ W W surs o
x x  sprwmme [] s p ss ss st we
X spr x o w MRS ™ X Ssu S S xS
S [} XS m » WRwr ?ﬂs‘ »n now »
Prmss ®» W 8 roxr ms rpx s r rprsm ox
SST WM wS Sgr w " »r PSsrm om rosrow
rpr fiox o omawax »n g W PSS r sw » “ »
» firs p 8 Prg S X WP RNNS s » xS »
w  x(s) waus ®ox st wg x sp T » ros X
rpM S PSS MSKX XS X F ST W ssraurspr rsp fi prwass w
w»/x Qs p WSS WS T WP rRASS WS@ m g
Conference acronym XX, June 24-26, 2025, Manhattan, NY
c »rs o/ w o x(s) Pu nrg s WS

14 /1
ws// rg/

W surwm RS P Ss rspr r p xws swmorm (w
) ss o ( e ) wmorm s (r  pw)
x

roswm (e )rspr  w[11] s wax X
ng w WSSH  SS P PN SK R W W S R r oW
xSpr r  Prss m m » rr w11 ]
S S X @W SWg SSHSWP®S WS S rmom
» NS oW oW s  wgs| ] » »
us rfl ssrssrssw S W W Srss gw
®» s romom su [1 4 4 4 ] r wg
m ORARNS R oW W . SHX WA W nan sl 4]
s W mow s r row s [ ] wswgs ms xs
nooequpE R xr W ss[4]r wmg m W W WS
Ssx xr x » Ss m s wg
X WX xpr wg ws [41]
T sswu s s mom SST SPrX MWL W KNG WS NE
wa s( G ) » s s ¥
» RS W wypY 1S pur rsSpr r ®mw M
»S S xg WS X ss x XS ¥ gp®pwRR
» rspr rxr () sm w us wg M L
W) pr m r wgrspr r RS 8r
X pr s m » wg s mpr ssur fl » aw »
cSprX X S S MW » s W mrxspr x
XWas pr nSg S W x ne » m g W nS S
» ng ® SS sswa W » BS S s W
R IR X SPX N SPW romour P r gwm sum W
m S s r »gp s wmr mwmrx wsss wm( S)
®g SXSpr r m » s CO s[ ]
wwa [ ] = g r SS W r o rspr o x
room wapw roS mw s s m noz
ne M OmARS s x X WSrM Mgrspr r
WS XSS xs i) s[41] T r g sg

sT s s sm rwm ne
® WM WMrg rg WS
» sgnfi m x X SSSs# sw  mp
R WSS NRRg W »
wgT P s » mwgw s[ 1 ]
S ™mxr s sp » wrosar
s rem r sr w wms s[1] g g nwng » x
s Wz m owsp fi
xS X SSx spr x X NSTXM W r kg
e S g sr g °rs zZ x B XSPr r xg MS
» TWLS MARMNAZ SHS QMW X
s p W s fi o » w W rg wms »
O~ ¥~ m wwognfi n W W ZNg SWNg
s 8 WS sp ® OSp XS wapr  ppr S XS
wp 5 P R we r mow xS

ng  wpN ns

iy

Pr X rg WS ]p WZNg WP ¥ RUp Y ns g We


https://doi.org/XXXXXXX.XXXXXXX
https://doi.org/XXXXXXX.XXXXXXX
https://doi.org/XXXXXXX.XXXXXXX

Conference acronym 'XX, June 24-26, 2025, Manhattan, NY

wm nx x »ox ng ng!
M X WS rsSpr r X g W x x
SpIrs ®mopR W NgTrRg P W
»r » S gm s WK aurnNg s
wswmws[ ] xr s wm pwmz wm»[ ] x
r wsT Pwa s » » rawmgp X
(P Ps)[ ] s prwasmgs w ®m W x purp s P Psm
» Sp Z Pr x ng W or
xspr x AT WS T » X SS Ng ng S
s s rg S R OBl
ww S x g W pr s Z » s 8
» Mmoo omwms T wr w s srs r s firs
X Ssrspr x S W nuswg T Ps w =»
S wr WX W WS S S
o Coarse-to-fine scale RR point tracking
xS fim (» ®») ®» wews g fi X Spx
AKX WS TM WM K SSwaM U
S wr Z s
ms( s) r owg

W
» fl sm O®m oW xs s
»

=1

MR R XSPr r ™o
®mw gnfi »

»n ZSs Xx s

e RRPIPs » sp zZ Br X mgm
PPs m x »

us " s( G ) m rmr s
e Dataset and experimentation wr re S
x X rsprx r m x ne S »
nRg s (S » ) s s in-house r s
»PRg W neg
s rspr x mawma s swng w» fli
we oW » ww »pr
Ss gmr g «u er wm  ru S rmw
g XSpr r mou Sp W MSUS WG P fl
»noppwmr wgwm sT s ™ w s xs
®gr ] SKspr r m Iws X
W » RS WX P rwWmSs s wa
ur CI 1 wpr rmang s wg S
nSs o w ns mSsw® S wr X wr

=
=
=
=
1]
=

2. BACKGROUND
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Figure 1: (a) Respiratory rate Mechanism during inhale and exhale
phases. (b) Video cameras capture subtle respiration-induced move-
ments in subsequent frames.
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Figure 3: The columns represent 1st Frame, 2nd frame, optical flow
magnitude between original frames, and between original and magni-
fied frame. The magnification enhances the respiratory movements
resulting in better RAFT performance.

X sW WgSPp Xg WNSKX prsm » n o mwgp W
rspr x wmw wm wT s ssx s sp
¥ S rsShusSeaw®s gS rsSpr x ™S WM W

4.2. Quality Respiratory Motion Localization

® Ss g r fim rg ms wmfi wS g1 pwp w
wgsp fi X W™ s ST Mg S XrSpr x W
. »T sw S m R sp noowpr Ppr ws
W Rg XS s » ® ne sSgn  au » SS
CHE I x rspr r m  mw
Coarse-Scale point tracking: T wapr rs &« = s
X g WS T wa TwWps x
» S rg WS WM P XMW WP WS r S »
X XM M@l X X W0 SWS Ng » P Ps
W ssp fi s gn ® o osu s x
M MRS WS XxSpr ® S S wSs W g
s T x X s ® X®W SS PSr S Ss
rom ne ms sgnfi mrspr x sgm s
Signal Quality Index (SQI)-Based Coordinate Localization:
» ms » re w «n rSpr r Sgm
o P Sgn m (S ) % s
S xs s x r x » ®S® WS
O+ B "R ®» WS s »w r ™ s
s «u mox rspr r mw wm ws r fim
s ¢s fim s mORX wg W X mSTM W
ar S RS S S r s ps () Waveform Extraction:
i I r s W™ ox » rspr x e}
us ng i) s wss W xS ws () Spectral Analysis:
ey 11 P rSp r ms (PSS ) » ms
by ] us g W rspr r rauwm rwg wm ()
Point Ranking: P ms r r m s » PS wagm w

B S8 WMrg WM X MR mrspr r rauwm T s

8 §80[ [85.64 Rank 1
0 /\ — PointA
%0 _s5 1. 25.0 85.64
Time (s) Frequency (Hz)
8, 5 80|
0 _,540
4
%0 _85 170 9 125 25 \
Time (s) Frequency (Hz)
8] 580 x75 27
o 340 Ra.nk3
o & / \ Point B
b0 85 17.0 Yo 135 o 0.01
Time (s) Frequency (Hz)
Waveform Extraction PSD Computation Ranking

Figure 4: Signal Quality Index (SQI) Framework for Point Selection
Based on Respiratory Signal Quality
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Figure 5: Steps to extract respiratory waveform from Point trajectory.
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Figure 6: The model takes consecutive T frames to perform each
iteration. The next iteration starts from the last frame of the previous
iteration for tracking continuity.
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Figure 7: The PIPs model takes T frames and initial coordinates as
input and estimates the pixel coordinates in the subsequent T — 1

frames. The blue dotted lines represent the corresponding points’

coordinates.
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Figure 8: Cropped sample frames from our in-house dataset
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Figure 12: The (a) and (b) show movements in the original frame scale
and (c) and (d) show pixel motion in the upscaled version. RRPIPS
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6.4. Ablation Studies

o wpr - WS nsw® S ” x
wrpm® ™ ™ W S g m S gm
s “rxs Ss ss sgnfi m s g
s xs fim rwm r W w wgwm wwmgnfi
T s o fl rr e WS » S
wps wWg B W fin wmwmg wamsr wg rm 1
x

]
=

3
g
=

g W zZwgP S S

gsus uwgPPS

P PS m » s ng wnfigar  ws w fin wwwg T s
P I mST Ll nsSg S W x ffs »

P n fi o» W wur RR') » Wz

waw W LU

? uS ¥ MNgSr g S m

IR I ) rss r wsfim wewg m P wmz W

® gs X ng U

T sprx x S rmow wr ® X WS MW SS

3
=
% s
L]
2 g
"
=
=

6.5. Baselines

P W W
ol nOR W Ng W WS S »
naus[ 41] T s m s g~
s ®oSp WM KXSp pur s xspr r
AW W RS » »
MW r wg M RM Fg W mors ( )s »
wpr wr
Intensity-Based RR Estimation|[ '] T swm » s
R S ng ®» »oox neg » RS gr »s
r wm T WS x ms x fior X auw
R WSS SPIr oW s m r m wp
x g s WP » ®ms  Optical-Flow-Based RR Estima-
tion [41] » fl XS r  wapu »se  SS
rwsusng pw sfl s ®a x s x rom
sra  wg fl x LY S qu W o
PIXR RS W WS WK r®s »m m rusng @
r oW s now sp mwn r wng Edge Shift
Tracking: W () es » pr w
» » S Spr r Wmw W WARS r P
ur n ZNg rom Sp WM WmS I s
r ss x wa s Area Under Edge Curve: sm OO TR T4
SR W e » roowmox & wr
s 1 X Sssu  SS rws T by »
P UrRg X SPr ¥
X ug Sp ng s

s 1 m s rxspr x xr () s

»n
S wm Z S ™ w RS

7. RESULTS

7.1. Main Results
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Figure 13: (a) Time (top) and frequency (bottom) domain visualiza-
tion for selected ROI points (b) The high correlation between RR
ROI pixels in time (top) and frequency domain (bottom).
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Figure 14: The top row shows the time domain plot of filtered trajectories and the bottom row shows the corresponding PSD. We observe the
RR corresponding points result in higher energy in the time domain and ROI frequency region.

Table 1: Comparative results of RR estimation systems on our in-
house RGB adult dataset.
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Table 3: Comparative results RMSE of RR with different approaches.
FT: full model training, HT: MLP layer training
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Table 4: Comparative results of RMSE with RAFT estimated target
points with different approaches.
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Figure 15: Top row shows the position of initial points and the bottom
row shows the position of top-6 PSD ranked points.
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Figure 16: Movement pattern similarity in time and frequency do-
main for points over the RR pixels.

Figure 17: sample tracking in original video resolutions. The red
point shows the selected point.

Figure 18: sample tracking in upscaled video resolutions in the se-
lected regions

7.2. Ablation Studies
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