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Abstract

In this paper, examples for discrete wavelet transform on a helix curve are discussed by the length-
preserving projection. Firstly, three different length-preserving projections are constructed by the
Euler discretized scheme. Then discrete wavelet transform on a helix curve is introduced simply by
length-preserving projection. Finally, three examples are constructed to decompose and recon-
struct with the signal on three different helix curves. Some figures are given for our discussion.
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AR, NPETHERIR I BB R ZEARAMMURER B AR A . SEOUN g A, B REXHE T ik
172 RIE M. AR O 2 M A S A IR KM AR B2 (R 8 B Al MLy B
Zik). BB 2 AU DL S 0 LR T A A TR IR, BIISUZ XU il
Yot & —HEETIRIE, LSRN GGRIE .. BEAURE LN AR — AT AT ik TR R
HRIREW . 0, J.P. Leduc & IEILIZ AN AR 1Y RASERIT 1 IELEMT 2/ NEAH o 53 — bR /N Je 3
FEFIE N A ROTIE R IIXUN BEEOR, BlnaE B85 . RR#0E . BRI RERBGE. kK
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Bl & X SR EE A B P 2, 2R ih 2. i 2 A Bk, Bt S v
ZHAE AT REAFAE T A (A b, BIanA B . DR BUIEREE . V) (DNA XURTeS5 1) 5. i, M
e SR AE MR R T il 1 2 1B 2 o o I SRBA REAT /e A i 2 8] il 26 /N 3 A (8 — MR U B B 5
TEHUESITHIE AT R b 55k, BARF R AR T IR LIS, nE K
SRR TR S S USRS, EATHER 2P BEEURE T 20 “Ein ek ”
B CRERAR” BURFIE, S OUHIRBELR I LRV E A — @ AR . AR BRIXSIE R, NBOTENR
THEIAH L AR 2 o) i 2 b o R 2 8] 2 AR BRE I B RRhL S UL T 1%, SO IR fE I IR e sih 2k -
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2. FEHENHA
FEAR, BATE T — IR 2 17 B 25 A B A3 2 TR e i 28 E F o4
2.1. BBiEzE e 51

AP AL, AR e R DA R Ig 34 o — /NSl & B BIE B MR 2 (5 R 12 3,
I B DB i R 2 AT 8230 . HLBIL R — AL IR R LR . T REU T

r={ucos(v),usin(v),av}.

&

o

U SRV 2 50 EL S B IR B sy — R R A Bl B LR GR35 A 38 Bl s T
I HEAT 55— B STl [ ) 18 ) (191 fn TR BEGR b Bk LG K BHIZAT), g ghusbts M BT R e 2 . BAkTs
FEE LT :
FE X 2.1 [1] [2)4 =5 1) — 5 s e /2 LA R S 805 2
r::{(a—kvocos(aﬂ))cos(t),(a—kvocos(aﬁ))sin(t),vosin(aﬁ)} 1)
Hetlvo|<a, aVv, RPIANFRZENR, o RAEE, WAL - ADREBRRL. RS
XOY “FifiFA7 (RIFE FIR 7 FE sp AR R 28, Mt 7 e ) BAFE & X 2.2 H3RTE.
5B 2.2 [1] [20 725 8] vh— 5 s iR 02 2 DA S 805 12
F::{(a—kvocos(aﬂ))sec(t),(b—kvocos(aﬁ))tan(t),vosin(aﬁ)} )
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KSR, ERI

Fort|vo|<a, a,bRXUHHZR ISP HRE AR BE, DL v, BRI Sk 12, o RAEE, Az
T REIN I & — N XU 2R AR T 42

Hel e X 2.1 A1 2.2, FA14EF

SEX 2.3 [1] [21% TSP 3 5 ik F

X —
x
- <

TR SCI e i 2 ) — AT R N
F= {(a+v0 cos(at)) f (t),(a+v,cos(at))g(t).v, sin(a)t)} ®3)
Forbt a,vy, o S LA R H A
ST ST T FE
r={(a+v,cos(at)) f (t),(a+v, cos(at))g(t),vsin(at)} ,
I T, AT LAS R LT S
r= {(a+v0 cos(at)) f'(t)—awv,sin(at) f (t),(a+V, cos(cot))g'(t)—a)vosin(a)t)g(t),vowcos(a)t)}

2.2. BRHARKEEHGITF

AT (R RO (SRR BURREIO]-[81R, 45 Fe 5000 % A0 BE S 7 ™ 5P 2 L 8 o
HE(E 24110 B IO [3105]). AT LRI BERRHR B0 FOALL] [4], AR 908
HULAR K P %R

B IS — TR BB S MEA A Y7 B

dy _
{dt -1 (t.y(1)
y(to) =Y
o F A BRI ) X 1) [T, T, 46N 0 AR, Ty =t <t <o<t, =T,. AHIH n AABK AL, Hb
&=p¢$ﬁLGno%Tﬁ@ﬁﬁ,ﬂum%i&m;AhL%E
i B EAL00 S —2 R FA TR TR LG A. 4K AN, FATAT LI A

ﬂ‘ N y(t +At)-y(t)
dtl, At

’

135 T B RBRERE R AR
Y(tm) ~ Y(ti)+ f (t' y(ti))At'

AR B AR, AT RUR AT 25 5 5K AURPEITRE L, 25 0((AL)7), M4 RRE KA n
NRHARZEI BAL, KRR RN 5K AUREIER R, DN O(AL) . KR

SCHRIL] [5] [7] [8]7F H51 52 5 b 1 T 5 2k 1 AR T BB RS AR K B AL A ), 2 M T 7 R
BUETT . TR TRZ R B Uk 7 R AR K R
221, EEMESMRKIET

% g — AR C .
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r= {(a+v0 cos(wt))cost, (a+v, cos(at))sint,v,sin (a)t)} .

S Ha=8v,=2,0=16,

F= {(8+ 2cos(16t))cost,(8+2cos(16t))sint, 2sin (lﬁt)} .

st

dL = |[32% +(8+ 2cos16t )’ dt @)

WIS I S FARKI T, T], Ty=t <t <<t =T,, 1

dL =327 +(8+ 2c0s16t )’ dt < |32° +(8+ 20816t )’ At, = AL,

Horr At =t —t_ AL =L, — L, -
TRKAER p BB R NA] RoR R

p:it >L =L +\/322 +(8+2c0s16t)’ (t —t,,)

Hr (%, ¥0:2)) > L =0 BT p*H

1
philL >t =t + (L-L). (5)

|32° +(8+2cos16t)’

(x(t),y(t),2(t))={(8+2cos(16t,))cost,, (8+ 2cos(16t, ) )sint,, 2sin (16t, )} »
Hoibly >t AR (X(8), ¥ () 2(6)) -

2.2.2. WHIRIEZRKRRABERL
A XUHIREL: C

r ={(a-+v, cos(at))sec(t),(b+v, cos(at))tan(t),v,sin(et)}
EHZHa=4b=2v,=L0=8,
r ={(4-+cos(8t))sec(t),(2+cos(8t))tan(t),sin(8t)}

St s

dL = \/sec“ t[(—SSin (8t)cost+(4+ cos(8t))sint)2 + (—85in (8t)sintcost +(2+ cos(8t)))2} +64cos’ (8t)dt (6)

AR IR B L 7 i M FARK [T, T,] . Ty =ty <t <-<t,=T,, 1

dL = \/sec“ t[(—Ssin (8t)cost +(4+ cos(8t))sint)2 + (—83in (8t)sintcost +(2+ cos(8t)))2] +64cos? (8t)dt

f=—4

\/sec“ t [(—BSin (8t )cost, +(4+cos(8t))sint, )2 + (—85in (8t )sint, cost, +(2+cos(8t, )))2}+ 64.cos’ (8t )At, = AL

HeAt =t -t AL =L -L -
PRI p MBS EUAE T Rm
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pit —>L,=L, +,[sec’t; [(785in(8ti )cost, +(4+cos(8t;))sint, )2 +(*85in(8ti )sint, cost, +(2+cos(8, )))2}43400'52 (8t)(t -t,)

H (%, ¥0,2) > Ly =0 EME p* K

priL >t

: (L-t).
\/sec“ t |:(785in(8ti )cost, +(4-+cos(8t ) )sint, )2 +(~8sin(8t, )sint, cost, +(2+cos(8t, )))2} +64c0s? (8t )
(x(t), y(ti),z(ti))={(4+cos(8ti))sec(ti),(2+cos(8ti ))tan(t;),sin(8t, )} ,

Hr Ly >ty W38 (X(L), V(). 2(t)) -
223, I MUIRIEZR KRB/

X SRR T 7

r={(a+v,cos(at)) f (t),(a+vycos(at))g(t),vsin(t)}
wHSHa=4v,=1L0=8f(t)=tg(t)=t"-2t,
F= {(4+ cos(8t))t,(2+ cos(8t))(t2 - 2t),sin (8t)} .

=ty +

A AU
dL = (4 cos(8t)-8tsin(8t))’ +(4(t—1)+2(t ~1)cos(8)-8t(t—2)sin(8t)) +(Bcos(8t)) dt (&)

AR R BT S FAIRK T, ], To =ty <t <--<t,=T,, 1

dL :\/(4+cos(8t)—8tsin(8t))2 +(4(t-1)+2(t—-1)cos(8t) -8t (t—2)sin(8t))" +(8cos(8t)) dt

J(4+cos(8t)—8tsin(8t))” + (4(t—1)+2(t—1)cos(8t) —8t(t — 2)sin(8t))’ +(8cos(8) ) At, = AL,

Hr At =t -t AL =L - L, -
(R p B B IS AT FOR I F
pit > L,
= L, ,+(4+cos(8t)—8tsin(8t))’ +(4(t-1)+2(t~1)cos(8t) -8t (t—2)sin(8t))" +(8cos(8t)) (1, —t, )
Hd (%, ¥0,20) > Ly =0 B p A

phiL >

G=t,+ L > (Li_Li—l)’(g)

| \/(4+cos(8t)—8tsin(8t))2 +(4(t-1)+2(t-1)cos(8t) 8t (t—2)sin(8t))" +(8cos(8t))
(X(t), y(t)2(t)) ={(4+cos(8t))t,.(2+cos(8t,))(t” -2t ) sin(8)} »
Helr Ly >ty A3 (X(), V(). 2(t)) -
3. SRmEeSiE) phsk Lk ERUINEERIETE

AT SCHR[L] [3] [5] [91FI77i%, EATT thIRA TE R RACBRE G 1 W3 e 2 18] i 42 B Al N AR e
BRBEUR e 2% 18] # £k C 3 22 T R () h IS B 1
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S, ERI

&=(x(t),y(t),z(t)) ={(a+v, cos(at)) f (t),(a+v, cos(et)) g (t), v, sin(et)},t e R.

FRE SCHR[L] [3] [5] [T IR KR, ER— DR p:é > X LRSS A pt: X > &. &
KA IINE F W 02 e 2 e il 2% L i) — Exé'mw"‘&mdL(g) SRR B 2k A R K dX o . AL
KA p, X TEERS f,§e?(C),

<f g>|_2(<c) <fo p_l’go p_1>|_z(R) (10)

mAEEEERS f,ge(R),
<f g>L2(R) <f P.ge p>L2(<C) (11)

MR HE S (L0) AN (1L), AT S g g e s 1) i 25 1 L2( ) FIZ 03 HEEE AN T I T -

USRS [E P 3 v i A2 LR PRI -

1) vicviy, Viel;

2) ﬂjeZVj :{O} ’ UJ ZVJ = LZ((C)

3) € ev, = D,f¢ €V, D, & A HUGE

4) 5 {¢{,Ck,k ez}%vo ) — A IERCH, Hody, =clos; ., <¢fk 'k eZ>, ¢fk =@ 0P, MKFHETTE
v, AR T L2( ) I —ANIEAE 2 53 HEER 3 HT o

TR jeZ , Bikw, &TZER v, £ v, PRIEZAMER, v, =v, ®w, . iZZ [ w;

AR IR e th 2 L 10/ TS 8] AR /NBRR By UAERRIE 26 BBy © Ty © =y o p 5T/
. B8R, WMTEAN jez, {ij keZ}%‘BEWJ— (1 IEASHE, .Jﬂi{l//jk keZz, jeZ} J@,EGBJEzW =1*(C)

TEACHE . DM, FERRNE (A 2k b g RO REEREL, 1w © 2R s 2 C bt BRIk /N
P AR S A SR S
1) FBHETF: T6°(8)=(4p")(p(£)-b).beR;
2) HAHET: Dg°(£)=(¢°p")(a-p(&)).a>0.
WRAE 2 o3 e o, ST — AN RBER B o W2 P RBE T #2

9" (§)=k2hf(¢ o pt)(2-p(&)-k), (12)
Hr 8 (S ) AR ¢° HIPERBER Ao L TR EE B3R ¢ 9/ B Ay © A2 R BE 7R
v (€)=Y 05 (¢ p)(2-p(£)-K) (13)

kez

S5 {gf | By MRRIEF . RIBRKBOE p. KIRAOR LR p=¢° o pt W2
#(x)= Zh¢(2x K), JrhF 51 {h ) 2 ¢ RS, 2750 {0 | B Frdsie.

SEF 4.1 [1] [3]-[5]MBBE p & MRTE 2 ] i 2k C BIsehh 48 X KA. #5 L (C) ikl ¢ ZFIA
B pA g € L (R) VB FAERRIO RS, WIS {h | A1 (R iR 2ssn =h, . Jtdissi {h )2 L (R)
O REZ B EL o FIPREZ T, Bl g(x)= D hp(2x-k) .

kez

EB: FURRKHGE p 643 p(£)=x xeR . Tl
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0= (9% (£)(¢° 2 p)(2-p(&)-K)),

:<¢cop—1(x),(¢c ° pil)(z' p( pil(x))_k»l}(m
=(¢(x),¢(2x—k)>m)=hk
FFEARS =h,
FAUT SR 4.0, XIS RS Y PRUEFS{gf | WS,
SEHEL 4.2 [1] [3] [4] [5]ME & p A& A 2s 18] B 2% C BSeim 74 X K. %5 (C) k% ¢© 2
RIS pfrge LP(R) B SAEMBRERE, HyC Rhyel’(R)i %m¢&@ﬁ,M$ﬂbJﬂ
{oc} e of =g, HbFsl{g, | R/NEE Sy ARREFS], %

w(x)= |gzlgkq)(ZX—k) o

UERIR AT e 2 4.1,
HRAE SCIR[L] [3] [4] (5169 /X R A 22 3, {5 5 bR £ © 7RI 2 ) i 2 07 T B, B9, £° e L°(C),
MBI FPS TS, PStCer,, TCfCew,, W

C¢C Cg¢C c ,C
TS f ZQNM,PJ =§qmw.

Wiy, =v, Owy, B 4.1 %R 4.2, FIFHRKHIGAT I LUR YL o, AN RALdS, o L

I REEA R BT R
2

Cjc,k =§Z JC+1khkczk
kez (14)

dfy = zcjcukg_kc 2

KT EEG 0 R AT Besh, FERKE AL L, E AR N:
]+lk (chkhl::Zk—i_zd]kgk 2kj (15)
k'ez kez

XFREAUT R ER AR,
4. B{EHIFHIHIE

B, R KRB I T A T 6] 41 W Bie i 1B BN s R L
.
B 4.1 % HESCHRIO]H /N “Db2” o IR LB o (X) 5 /NBER By (x) 5503 AL T

o(x) =283 (25 + 3+J_ o(2x-1)+ 4J§ 11j§¢(2x—3),

w(x):—:j——¢(2x+2)—§;i£g¢(2x+l)+ ¢(2x)—1+£/§¢(2x—1)

HRPEER 2.2.1 ANTiH G R 2 M R KA, B3l RUBE R ORI bR B30T AR T 2 RR e e o A
171 -5 R X N2 P RUBE R B 6© RIVINIEBR By © 5 FFTRE R AT PT RUEEFP 81 i BE 4.1 ME R 4.2, @it 5

p(2x-2)+

3+«/§
4
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FE2)FT7HE(13), A5 2 R BRI g F/INBBR y © T RUBE DT A8 20 90 30 T s -

#2802 p(0) B (2 p(0) 1) 2B 2 0(0) )
e f 0" (2-0(2)-3).

w°(¢>=ﬂ° (20(e) L 0 p(e) 1) 2 2 p() )
A 2.0(9)+2)

FEFE 1 rb T I B fh 2 R R B € AN BR By © IR

Circular helix r(t)
~==db2 psi®(x) on r(t)

Circular helix r(t) 5
~=="db2 phi®(x) on r(t)

0 -5

10 10 -5 -0 45 -10

Figure 1. Diagram of the db2 scaling function ¢° and wavelet function w° on a circular helical curve

1. ERredhZ i db2 REERE ¢° F/VERE w© RER

AT HIRIRE S ()
f (t)=0.5sin(10t)+0.2¢,

Hrpg ~ N(O,az), te[0,7r] o iZIBIMR e Hh 2 (128 Bl A PRI B R RRE 1A 2280, At_TBO i PR
B IR(E S HETHE RIS RE 4 L, il 2 TP —AT 58— SRR . TP ALt 28R 1 B i ih 28
FIFEMSBES . i@ﬁéﬁ%ﬁﬁ?lﬁlﬂﬂ%ﬂ‘]ﬁ%'ﬁiﬁ“ﬁ KRR e th 26 BJFIRE S e 3 2, IERK
BifE 5 cal. mMfE 5 cdl. cd2 Al cd3. & 2 55 —AT5 — AR TARMUE 5 cal, "B 1 BIMERE H 2k
R AT 5 ) F EE L T EE S cdl. cd2 A cd3 WlE AN [F REE 1) 408, J 42 21 5] 45 ith £
FIRARESHATERE, WA 2t AT AR, 3B =AT SRR LR =47 58 A
Kt .

I A A XK ERFFRGE, 7RIS S cal. mdil(E 5 cdl. cd2 Fl cd3 HEiY, MR =E
&S . mE 35 AT R, 5E 3 B —ATHIRMGE ST . RE(E 5 MR 3 53 =17 RE+
gt FIRE T SEME T ZARRZETEECY 6.7281 x 10722,
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—-—-—original signal on r(t)

circular helix r(t)

]v@§: ———low ca1 on r(t)
0 20

-10  -20 0

circular helix r(t)

]\/E%: ——— high cd2 on r(t)
o 20

-10  -20 0

ol o o

1

1

ol o o

oh o o

circular helix r(t)

]vg§: ——— high cd1 on r(t)
0 5 20

-10

-20

circular helix r(t)

]\/E%: ——— high cd3 on r(t)
o o 20

-10

Figure 2. The original signal and its decomposition on a circular helical curve

2. BEl¥ZnEdhZ FHRIGES KA SR

-20

Circular helix r(t)
—-—-—original signal on r(t)

Circular helix r(t)
reconstructed signal on r(t)

2 —

0 —

2
10

-5
-10 -10 -5

Figure 3. The original signal, reconstructed signal, and their error signal on a circular helical curve

B 3. ESRiE CRAGSS, ERMOESRARERS

0

5

— Circular helix r(t)
—-—-—-error signal on r(t)

10

B 4.2 25 FESCRR[1] [4] [9]7H /N “Db3” o Z8MBUHh, HRAEEE 2.2.2 /N5 R i 0 i e 2% 1) AR 455
HES H XU BRI 2R T R R ¢ AN R w © . FREfE AR I R P41, HE 4.1 FERE 4.2, 18
I RE(L2) R FE(13), RIS R B o RN R B w © HOW R 5 FE 2 S S B :

_1+\/1—0+\/5+2\/E

#(£) M ¢°op'1(2‘p(:))+5+m+f65+2@¢°op'l(z-p(g’)—l)
+10—2J1_oz§ 5+2m¢cop1(2-p(§)—2)+10_2*/1_0_1: 5+2J1_o¢cop,1(2.p(§)_3)
+5+@_f65+2m¢°°p1(2'p(5>‘4)+10+m_18/5+2@¢° +(2-p(£)-5),
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w°(5):5+m+f65+2@¢%p'1(2~p(é))—“@ﬁm%P‘1(2'9(5>—1)
_10_2J1_O;§ 5+2@¢°op1(2~p(§)+1)+10_2J1_0_1§ 5210 4o 5 (2. p(2) 42)
_5+«/E—f65+2\/ﬁ¢cop1(2'p(§)+3)+1+«/ﬁ—1\ém¢cop1(2.p((§)+4)

Hep(&)=x.

TEE] 4 HRgh T XIS LR b 11 RUBE R0 o /N R 8 y © DR
12r /\ ] 15 I
L/ ’ it )

NV | /) o
4\ TN T
of e e >l / \\ / :

02 \/ g ar \/
'°"‘_f\/,

Circular helix r(t)
—=="db3 phi®(x) on r(t)

Circular helix r(t)
~==db3 psi®(x) on r(t)

Figure 4. Diagram of the db3 scaling function ¢° and wavelet function ° on a hyperbolic spiral curve
4. T EHERHELE £ A0 db3 REEERE ¢° FNVERE v © MER

SRR IRIGE S ()
f (t)=0.5sin(10t)+0.2¢,

St 5~ N (0,0%) 0] o SRt ZoMt B CRIHUL RIE AN 2000, A= s o TR

SR R SHRTHEUINIR e b, il 5 AT SR R . Bt o 10U i i
2 bRa(E S . IR e 1 i S EA AT CROWHNIR R IR E SRR 3 R, Al RSN
55 cal. "S5 cdl. cd2 Ml cd3. &5 58 —AT5 s 7RIS 5 cal, Efifife 7R igL: 15
U655 1) LB MRFAE s TS 5 cdl. cd2 A1 cd3 WIS AN F R R34, il S22 30 i e 2k b IR ah
E SRS, VEILIELS Aol —ATEE S, =475 SR DU SR =47 28 3
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KSR, ERI

S A RO AR, FTLUSRIIS 2 cals B0 5 cdl. cd2 Al cd3 @iy, M3k
5. i 6 5 A RIBHTR, 51 6 5 (FIEIAR ST L. R B BRI 6 =47
it AT S TS S 2 IR T EOh 7.0027 x 1071,

Circular helix r(t)
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8
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2 1 5 2
circular helix r(t) circular helix r(t)
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2 2
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\ 8 8
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Figure 5. The original signal and its decomposition on a hyperbolic spiral curve
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