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Planelet Transform: A New Geometrical Wavelet for
Compression of Kinect-like Depth Images

Vahid Kiani, Ahad Harati* & Abedin Vahedian
Computer Engineering Department, Ferdowsi University of Mashhad, Mashhad, Iran

Abstract

With the advent of cheap indoor RGB-D sensors, proper representation of piecewise planar depth images is
crucial toward an effective compression method. Although there exist geometrical wavelets for optimal
representation of piecewise constant and piecewise linear images (i.e. wedgelets and platelets), an adaptation
to piecewise linear fractional functions which correspond to depth variation over planar regions is still
missing. Such planar regions constitute major portions of the indoor depth images and need to be well
represented to allow for desirable rate-distortion trade-off.

In this paper, second-order planelet transform is introduced as an optimal representation for piecewise
planar depth images with sharp edges along smooth curves. Also, to speed up the computation of planelet
approximation of depth images, an iterative estimation procedure is described based on non-linear least
squares and discontinuity relaxation. The computed approximation is fed to a rate-distortion optimized quad-
tree based encoder; and the pruned quadtree is encoded into the bit-stream. Spatial horizontal and vertical
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plane prediction modes are also introduced to further exploit geometric redundancy of depth images and
increase the compression ratio.

Performance of the proposcd planclet-based coder is comparced with wedgelets, platelets, and gencral
image encoders on synthetic and real-world Kinect-like depth images. The synthetic images dataset consists
of 30 depth images of different scenes which are manually selected from eight video sequences of ICL-NUIM
RGBD Benchmark dataset. The dataset of real-world images also includes 30 depth images of indoor scenes
selected from Washington RGBD Scenes V2 dataset captured by Kinect-like cameras.

In contrast to former geometrical wavelets which approximate smooth regions of each image using
constant and linear functions, planelet transform exploits a non-linear model based on linear fractional
functions to approximate cvery smooth region. Visual comparisons by 3D surfacc rcconstruction and
visualization of the decoded depth images as surface plots revealed that at a specific bit-rate the planelets-
based coder better preserves the geometric structure of the scene compared with the former geometric
wavelets and the general images coders.

Numerical evaluations showed that compression of synthetic depth-images by planelets results in a
considerable PSNR improvement of 0.83 dB and 6.92 dB over platelets and wedgclcets, respectively. Duc to
abscnce of the noise, the planc prediction modes were very successful on synthetic images and boosted the
PSNR gap over platelets and wedgelets to 5.73 dB and 11.82 dB, respectively. The proposed compression
scheme also performed well on the real-world depth images. Compared with wedgelets, planelets-based coder
with spatial prediction achieved noticeable quality improvement of 2.7 dB at the bit-rate of 0.03 bpp. It also
led to 1.46 dB quality improvement over platelets at the same bit-rate. In this experiment, application of
planclcets-based coder led to 2.59 dB and 1.56 dB increase in PSNR over JPEG2000 and H.264 general image
coders. Similar results arc also achicved in terms of SSIM metric.

Keywords: depth-image compression, gcometrical wavelets, planelet transform, linear fractional funetions.
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(Figurc-1): Sample depth image and its corresponding RGB
image captured from an indoor scene
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(Figurc-2): Representation of block’s edge in adaptive
gecomctrical wavelets by (a) a firs-order beamlet, and (b) a
second-order beamlet

}volumetric integration
“4intra-coding

9 step/sharp edges

S non-linear model

7linear (ractional functions

3 ooliiasd sl Lo s S Cyad 4 18] o
4 odes polal ileerpis  pwrie GlaSge
Goe Slaimyge l Jelb oAl pilad (gilues 225
[9, 24] vgi 00 b Sl (pwiid Srge RS A (2090
" MVD (g laesiz spng silwespid 50 0505, ol
oo pobad o dwin gy i Lo 50l a3 )5 e
Sy ok Gee (e il 0 el slawo
ool &)l H.264 & coni V) (550 0 Shoe 7 Slis (slaass
pobad (gilwes,id 0 Sews bows 5l eolaial Lol
aaldl 35 90 a3 slo) o 4 Sod b anwgi b olal
3295 (miin GSrge LS o [25] cel aidly
s c2zab polar ilues s ol G5 ey
e laiey 5l sleadmNol sladss B owiles S
(S A Ay S &5 A5 lae pigal 3lues 338
il o> (g slead Lk 0 ) g o Shee
sl il Job ials 4 olsior oo Sy, (nl alear |l
rgbad 18w [12, 26] & (So0y )3 (i Sge
381927, 28] Goc sload pas 5 (gly 0ol liS 0T ec
55 o L5 [20] ol g8 & sizmio Sy Sy SO o

Ol & 509> (pliw (e o Slagm e
bl bl oAl polie Al Gl >y LB
e Lasss 2318 5 ol plasl [22] wils s eaisl LS5,
S Sdos abiasS Cel il Late Gl 90 &5 SlaiL
0555 35 5,0 (sl IS 5l (6 et 5 3 o0t ol IS
(klie 0 05dee ol Syp e o4 S,
wshedle 8 p (e Cwedli) Ges slagess
OBl 5 0sls plosl sg3 JIs ouijlsyy 0 1) Ges Olwlore
L oadgemie g 1) Bae pslai Kyad 331 5 duslona
32 s e 4 [30] wijgl e eold Wlol sl
)l B g e s slalazee b aS o p )5 (6 ke
ol mowa asbcal (o (S Ges loims0
Aloas 538 90 ol p S Bes o s0

o ngbal 55lwos 28 gl ool gbo Gimgsy
oy el gl o jo adbcsle j9 sl 90 5l onldS ]
s i gl ool 0,53, S o Nlazils gy LB
2 o ahe (Al dglged 4 azei b (Fes polia
oo slo oSty o oolor (i b9, ) Gee pol
Gl 00l ooliiw] Bos polar b 90 (g5lwon s (5l

!'multiple view plus depth (MVD)
Zintermediate views

fo 2l Yo, \WAA Jlo




ST Auuid 5%0.9_)9é Got )._agbos SIwod yaind slye awlio (wdid ..i;,.a 5 Sxua Je s

a5l O Sl Shazre I o
P9 Ol 1 alaly b wlgi o
")

My (o, w30y hy) (6 Y) = By + (hy — AW, 5, (%, Y)

Slo b SLL bl sl (01,15) cle il ol 0 a8
solie (1, hy) o il b oS Jbjo taisS oo s S'6S
s 1y Jole 4l 5 e sl iy,
Wiy ) Jooww 0iiS (o0 535 1, S5 paie 5 cind oo
bl b (So8 lawg a5 aao o0 plas [, W ) glasts
el ol asein (11, 12) SLL

S im BB g S MXM S K o
15 Mg 6,180, 4M — 1 5 0 sla eyl b wsilyi_s
PUEYS IR I X g FRH IV JPATE WPE SN S SR I
255 LAzt by, py) ypen O Qb ekl Gl s g5,
‘_‘Liw u{l‘bdsgsib‘j))“’ 4&9@?& .C«wlvl < Vs, L‘)—I).bdsf
S ol 3 Sae sload ples g g0 iy p5 SV S 5o
o olbio o (S ;o sbaad Sazg ol sosms sod idigy |
[14]

plas Jolos SN S o, glp S5 asbesd
Ol as wasl o5l 1 b Slacdl lp Sen slassS
yaie o lyieds g ond pleal o b Tonals slas'sS alos
ousols glocS e Wl oo ool jiiled aslicad) 5l el>
o LSy S 5l |y a9 & S ppeis Ul
ol TanS o pleil aml S Oson 1, L
2 IS b )3 Al e co 5l SLS mhaw

L35] 09 on s yu5
W(M) = {1yxm} U {all Wiy, 4,) of size M x M} M
plesl 51 e SBosiz gleillh gl SeS asbicad

199 iy Ty JS 4 QT e g 990 o

2 degenerate beamlet

G952 5w 42y Sie i bl 5 (V1,72) SLaS 5 pan iy’
@UlF 55530 S e wyg0 a0 0T (o0 )8 S slagls Sl K
gl oo eduali sauals e g ailai | e b g0 4 S o

ool ¥ 6o 1FAA Jl

S Jad g 690V

w pleisl oz (BBg wnin SlaSzge ol soglls
Al 5 el pga Sl 3 e s gl by
S laJuSoy e BBy pusin slaSzge )%,
2ledil Blo ko)l S5 SaS L) psar 51 S 0 55
N3 650 sladeSy (o 0 Sl B a5 1055 o0
aaf « a0 S0 Mol glad o ao)b
(V) IS5 50 Sz )0 Sim 5l glaises [33, 34] 0gis o0
(S5ax 40 S ye popie SS L tesl sal oaly L ()
Llas (g N80 b pgas 51 S e )0 ad S5 ol
1o gy 1 0ol 355 oy Sal Spm L 5 9,5
Al g0 5l S e o b LSy polie oladsl sl calisrs
cel ad lesl (35 Feszen 5 dapyl om0 g Lol
sl 0 Al B0y cwiid slaSge yanldg>gay

a0 I8 i -Y-)
so5ig0 Ligro byt VAN Jlo j0 Sqaz s S o
S zshe pslal oledil lp (o hos Ko Gl
b e Sl Boar bl S sbml 6l [14]
Iy pgad U aasS o oolainl 4l g o0 S 51 S8
EISPSNINE SOV P S JUINEC R
o S (Bowiz aabiia) al ply SeSa pea )
S ailS )z a5 56,5 o oladsl opl )0 0ed o 00
S aebodd jl jare S L LS pgal o bkl
el Sipe Ko Jals (S &l i S e iross
VE e P I L R N
S-Sy pled polie b oo (nl 51 o 2 lp (S8
BV S Ly oad oy olids) lade S SeSay 4>l
SO, 5l gliged [35] Wigd oo 00 cu i ol ke
s3ls Liales (@) (F) JS2 48 S'oS jate oSy Jawey S

(<) (alh

() 50 42 5 55 () s KaSes D 5 ot 555 2(F - JSLE)
90 42,0 S5

(Figure-3): Approximation of a sample block by (a) a first-order
wedgelet, and (b) a sccond-order wedgelet

! first-order beamlet



3l goax 0 ad Szl e caieaylid d Jrows o] j0 a8
s game 4 dalical oyl o oyl polie g sl Soam )0 5 5
Y IR Sedos [—C. . +C] oo slael

S paws -f
P S aBlboSle g p e Gee sbaimge
BTCIE L SRR VEUC P Pt V5 OV By O S | LY Ve
PRI CL BN E N N RV NI ® SN ET JURSRIR Ve
zohw g diis iy Cuws asle Ll Ll b las oyl
ol 4 azgi 19, 32] Wad g0 JoSid oS amin g Glo
robas bl lp conlin (puiin Szge (b 0 4SS
2Ll b o 0e walys LiSel, 3l sladious 3es
DS Loy axae SO L le e ), SW Sl Al

S ols 5 5] oSy o e e sl o
s S 1o o Ll a0 aoin ) aisus jl alads
Gos polie 0pS )13 Gee Gmjes blie o (Famis
b e Slpd e ppai o ol b Bl slauSey
Taw S gaoge ol Fosle S gl il wialgs
Y ymme 5 a8 & 5% 5k )5 o yed Mlae ol (sfasino
oS X jeome 4y el Lol oo (X,Y,Z) gowaw glad ;o
YL les 5l a8 S (g0 (pl o il adl is >
W) (5 g alie ol & oS (oo
I j0 a5 jeblen ol salys snsline bax S & jgoh
G0 poa 3l JuSio 2 el 0als ools las (N (F)
g S oo i Gwyeo Uy dios )l dlass S alsl
Ol Gey90 )5 e axbe (595 » WSy 35 50 alols
dw dizeo 50 sdubodlsylid dxdo 0590 0 ( Jlhe jo .l
&s,lj,aA (_ngJ...S_..: .'4...;9.: o..\.i;‘_gjbﬁdjﬁa.l bl alols ¢ gon
ol W e S 4y Sl Coon g o090 LSS
o 006 )0 paiged Ll 3ec polae liv jobas il o
25 5 iy 3 salys Gl S i Syt
62'“' g_i.a )’I OM(S)L))JAJ}QJ Lol d_a.c ﬂbl.&.e ‘kj‘“'c
il aale )58 cage g (o> Ol sd (eFdan

@sa)ﬁwdmmdm)aﬁsbmﬁm
DS oo Gho p ) Aolee ;o Wl 18 Ao

aX+bY+cZ+d=0 €2

5 00,8 i |y axio Sy (@0,0) b alb o]y oS
3 el Sl Tawe b amio alols L Bl d el b

W = {Wjim:Jj =0, ..., 10g,N; M)
i=o0,.,4-1;
m=o0,.|w(3)|-1)

S 0w el saaslis Jo e ol o a5
o aabicd ;0 S ab gl sl sosaslis M oo
994230 S¢5 Jud - Y- Y

CosT bwgs Yor ¥ Jlo 0 g0 4,0 SsS hos
e gleish gl 55 bl slaseas plgrsa sy i/
[34] ol ools sty Slo glaad LS 0 o slaad
slead o lajl jshiear goaz,s S8 has
4z Gladeraiz Gl Blo Lol S gloay o e
Loy oads solatwl ad sl JuSo K6 (o5l Jow sl g0
SBlo hado )l SO a s ol bl e o8 8 Jas o
SOl Gliged sl ol e €gn Az 0 (S50 sgede
RGO EP VPR L)L“'“’ (u) (Y) Ji“’ S 99 4y J}).A
30 4> 0 Se8 paie S daugh S Sy o)l slaiged
4.5‘)‘. el 00 ools u.v.lLoa () %) wa.. 3O
£y abads s dil pogdle (90 4z 10 I3 10 K5 40 S aziie
S e 6l 355 Ko el Ko 51l Al el
Sygods 93 4> )0 So5 SO wplpln 09l e salazul Lisl
d e due ol )3 o5 05800 Lasiive Wiw wmd,hy i)
Lol Gl pome Byl liae oS a5l )l
S wlgs oo 90 Az 0 Sipe gt WS o et Blo
aoles sloolanl a8 s ol |y cam b o Jolda (o
el Sy s

L wlgie gl 51N S Glp 90 4y S5 o i
098 Ol ) abal,

)
MW(vl,vz,d,hl,hz)(x» ¥)=hy+ (hy— h1)W(v1,v2,d) (x,y)

oolie 5l Bgumme dcgame S L g0 4z, S'eF asbica) o

A Sodaz 0 S8 aebosd dmwgi b ogoaz 0 S8 Lo

Podse <y pj JS
W = {W(j,i,m,d):j = 0, ...,]OgZN,' (A)
i=0,.,4 L1;
N
m= 0., [W(3)[ -1
d=-C,..,+C }

"'second-order beamlel

fo 2l Yo, \WAA Jlo




ST Auuid LSLQOQ_J_)SA Got )ggboi SIwod yaind slye awlio (wdid ._f;,.a 5 Sxua Je s

abedd I paie So Gos polal oyl jslated,
GEF () adal, L LS &l g0 slayiel )l b Wl oa 5550
ey dzbe So L) Jels b g0 5 o 5 U ogd
Soxto S lodd iy Sy iz llin ool jo i8S
Ay b LS ol S pdans gaman led 098 o0 0asel
Sondo yaie 3 5 St 2 Sk paie S S 13(1)

sl 0a ooy ioled (0) UKo 40 g0az 0
2y D K Gl Saz i Sombo o,E

g e pj adal) b wles oo

fxy) = P1&Y) - Wiy (2 3) ()
+52(%Y) (1= Wy (£.9))
Pixy) = — _ on

di(xy) - aix+Biy+vi
ladaly b Qg oo 5 S G g0 A0 Smbo o B
poria i S 4y ad slsul pal)ly o Sbld o alise
:ao)f

f(X, Y) = ﬁl (X, y) ) W(Vl,vz,d) (x, y) av)

+p2(x,y) - (1 ~Wa, 0 y))

Oy Al ondio ST Ges o909 SOy Ko GLb
QT Sl Z sadosgins Gas g s S (X,Y) Slae
132] cusl 1,3, alais

X=2(x-c) )
Y=;(yfcy) M

engd S abold onias i o Jeaw ol o o8

5 kol 4l ISe oaiaalis (Cr €p) Slodaaw (Gos

abgrye oSy Ol oxiad 0L (1,7) sl Joons 9 a5

(F) alasy 50 (M) 5 (V) Lsly, 6,3l bl gt 5o

Y os B @ oz ol dw 18,554 5 olaal> WS
oy O Ao 4l Sy bl (ol ) Akl @

%zax+ﬁy+y Sy

5 o5 sl LS b S S & il YU ake,
o neas 3y p Bl Ges polie wade las
S Dlaize L LS ol S S 4 a8 lalal
25,1y 34>
_ 1
- ax+By+y (\ * )

dimmes g5 oy af amies pulas

Som slads =

Sos y3 guald

()

RYIIL Ja.w,: o,fdm a.la.w 3! \5)|‘>)‘f439‘“3 0gxs (&) :ogfw 6]9.»: e BoE pgaal j0 Fas ){olﬁ.n ‘fh’ﬁﬁ b (F-SKL)
Ry axbo 59y 31 Goe p3lie (b pd Cand (@) (Gos
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(Figure-10): Sample synthetic and real-world depth images and their corresponding 3D representations
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(Figure-11): 3D scene generated by depth image of a synthetic indoor scene with planar gecometry decoded at the bit-rate of 0.02 bpp
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(Figure-12): 3D scene generated by depth image of a real-world indoor scene with planar geometry decoded at the bit-rate of 0.02 bpp
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(Figure-13): Surface plots of a sharp edge in a synthetic depth image decoded by different compression schemes
at the bit-rate of 0.03 bpp
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(Figurc-14): Surface plots of a sharp cdge in a Kincet-like depth image decoded by different compression schemes
at the bit-rate of 0.03 bpp

USRI RS PP S PO L SRR S Y PO L 3 P oS oS 2Ll —A-Y

2ol e g el Lyl Ges polie g9y p ) JSS0

oddgilwil yslad coaS gode anslio 5 bl jelaieay

ot BB o 2l 0m GO ) s il jlss 2 sla b, by

2 & T . o . o

MSE X
z Uiyl Gl s cuymly i PSNR CuiS Lee

e ole ¥ 5k IWAA Jlo



o &5 )0 g ilwjl i gbal cudns (Sl :(1- Jguzr)
Peai dliswe gyl aS gl w +/+Y bpp

(Table-1): Average quality of reconstructed depth images at the
bit-rate of 0.03 bpp for diffcrent compression algorithms
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(‘Table-2): Average running time (sec.) of different compression
algorithms for compressing a depth image
of size 640 X 480
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