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Abstract: To obtain every single LED’s contribution when they illuminate the target locations and to
acquire, record or reappear some specific light patterns, this paper explores how to estimate the pa-
rameters of Pulse Width Modulation (PWM). These parameters are amplitude, frequency offset and
phase delay, and they are generally used to control the LED points. Firstly, the frequency offset-
phase delay space is dispersed into reticulated grid spaces, and a sparse model is established based on
the measured data with sparsity characteristics in the grid space. Then, on the basis of the sparse
model, very few samples are utilized to reconstruct the unknown parameters fast by means of Orthog-
onal Matching Pursuit (OMP) algorithm. Finally, an iterative refinement grid technique is introduced
to optimize the sparse model so as to suppress the estimation error effectively. Experimental results

indicate that the method presented in this paper can reconstruct the unknown parameters fast by using
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only 27. 5% samples that of the traditional Nyquist sampling theorem. Simultaneously, this algorithm is

found robustness when Signal to Noise Ratio(SNR) is higher than 20 db after lots of contrast tests in different

noise conditions.

Key words: Light Emitting Diode(LED) ; sparse model; Orthogonal Matching Pursuit(OMP) ; reticu-

lated grid; iterative refinement

1 351 &

K6 WA (LED) BA il 73 fir 4 B e 1k
U, 5 B i . T PR BR A A 7R R AU B
WA R, AR BE A 2B T R RO H AR (9 AS i
HED DA 8, B ME A 9 H 4% R A NG s LED
IEAZ BHOR 8 2 1 6. S5 SO0TEAM L, LED
JCIRBR BA TRER R e EE . O FE SR
A o fie B 4 B LED SR 19 A LED AT A4
(FE 78 AU 451> LED ST s gl AR AR 1 MR #B
A DA B AR ) B eT DAZE SR FHLED S i i B
83 18] A A 3 8 7 Ve e & R R RE L Sh SRy 36
SERORE (FEAR SO B R 22 2 ROR SRR 9 LED
JEUR A —Fh BRI R A i IR o
SR —A LED St th =08 H K LED 4T &
Y A Ok g o R AR AR R B LED AT i3k
FVEHIR S SR . O 1 4R A5 B Al IR AR =, ol A
BHCKEG I A SRR —f R T T
3 —3 i B 5 S S RO A 3 RS LED
KT RN I 804 il HEE A ) 2 S DR

N T AP LED KT A5, —Fh i 4%
A8 2 76 A LED ST 80& (s 5 il A
— NI — B bR U (TD) A6 0 2k B CAn Sl B —
B b 1D AR A [ AT 8, 1 s AH N A 58
{5, 33 Fh A0k foe 7L 0L T LED 58 175 45 35 A9 AH 56 32
BRSO RN X A A ID R Tk — MR S T
TEASH5 43 2 A (Orthogonal Frequency Multipixeling
Division, OFMD) 8% 43 B & Jii 28 3 ( Discrete Multi-
tone Modulation, DMT) JF I SZH A, ANfE5 H A T
b BRI 32 R AT 8 ik 58 1 i (PWMD 4 R 3
Bo N TWE A, 45 50T &R 52 RCA
B AR R U5, RLE N B BE 2 M — Fh & B 1 o
FBK 5E IR K ) CTDMA-PWM £ RN E LR FE
J5A PWM 3K 5l i 8% 8 A28 9 1 B0 T AT LA 4%
LED 4T S BERY“ STk " H . B A Bk G2 2K LED
ST sz ), DL LED AT g5 0 i 35 4% 22 ) #R 22 f

FEIRS )AL 3008 I A5 BT 8 DL RN
BUARAR T e A R, e BRI 1% 5 ik B B T
PR » SCRIRL 13-15 10 T4 20 52 T (FMD) JHE 42
T —MTE TR L Oy ST FDM-PWM R, 3%
AL B D8 e 25 21 15 20 T ELIR Y BR 1 A2 2% Y R
AAEBR I .

A 3CAE FDM-PWM HOR B 3L E A H AT
TR B R $OR R I —Fh 5 T TR S B Y
B A AR D B0 2R R R dh it ] ARG A 2K
Ak T A LED AT s B R H S5

2 FDM-PWM Jg 22 & # %k

2.1 FDM-PWM &2

R T v A% e AL D 51 R Y i B 5 L iR
gy S LED KB 9 B %, B AT #E LED &R
T HE B 450 883Xk R F PWML D% 9 05 250 .
T LED By &G B 5k A 5 /9l iE b,
PWM 38 i J& 19104 Hb 2l 25 9K 3l LED & 't it 3 1)
Jok b 5 BE oy 25 He po) 19 07 B2k 8 15 i LED #Y
SEA4 HL U L TS BE PWM DGR H 0. #4352
BRI A5 SN H e b T2 AR Z — B
TALF e B A SR o A T AT
BT N AL i — 05 5 [RTISEZE RRAT %) 1 454 PN 15
JE A R PR AP R B 1 AR5 TA] A AE B

St FDM-PWM 45 R B, 1 58 3% g — > 405
LI EX L NS @ A LED AT 45 4 i — 4>
5 AN [R] B H T AT S [ B ARG 0 2
HGE 0 22 2B U T A 114 i e 25 20 3 A A % ok R 1 O
SRR ET S A 52 BEEAE a0 B 1 25 FDM-PWM
BARRERE.

pilfi

+—>

/£

K1 FDM-PWM $ AR E K
Fig.1 Schematic diagram of FDM-PWM



1M

R AE L A5 R T AR A () P DR A T ROt A KT SR 169

2.2 WEBERTE

His i 2 7 BRAS J2 H T BE 7 A S AR I
B — A BIF 58 B R AR e R G 2R AE S
TE R B B T A F N B B v I 4 R A
VA L T LAY G AR T 4% 48 2% 48 300 R SR R T B
8 1 238 X5 5 5 2 AT R RE L Ol 2ok A OC B A8 1k
PG E 5 AT R R IR AR S . T TR AR
it s D T R s B A O R T — ik AR
A RE R N B s R B A R A A il A
SRAR A5 A

3 AT RALA 6 SRS

3.1 BummEn

ZN S NP8 R R e
M LED JGi 09 4 LED AT 55 09 52 B2 “ sT Bk 7 & .
R 55 0 AT R 52 o 2 Al i & £
TS, BMANLT 2T AR £ ED A
95 AEJE e T 52 B 4 4 &R 42 ok TR 4 3 A R
FE T AS WEB B AR B M A IR, & AN Tk A
Hby e R A A 25 . SCERLL7 48 RO AR /1N (Y
R A 25 Ay A B AL 23 X 5 BE AR OR AT 2 Y
SE DAL O AR SO K A e A, VSR Al . TR
LA SCH A AL IE IR o A N5 3 Mk
I AR SR 3 5 > LED AT i PWM B
) i BT e A

Jy, (1) = a; 2 2b;.cosZum (f +Ap )t + me,)
m=0

’

1/7,,,,, = sin(xmp;)/(xm)
(D
X m RIS {ais Ay s g AT TR I
SRR B A, FAHALIEIR o, A7 JCFR A
A RE IR (HL 2 a0 SR A i A 7T RE A4 JBOIEL IS RIS L
Ay i K] 73 F 248 B IO I AR AR 25 (] B8] 2
FIr 7 s DU AGE 00 2 ) — Y 45 R X L T
25 (B B — > a5 BI  25 2R 2 1 ARy, 2R
D 45 R T 2 i 7 B OAb , R & AL L
JE— R IR B . T Sy — R A A% AR
B A CRIAL T 181 2 8 @ 4b) S 1A R
il At T 15 22 L AR SORE i i A 1 25 18] R 4T Sy 7 2 AR
53 AE R A7 B AR FE
B AER) o3 4 A% s s [ L A, S F Rl

 Z0A-HOORY /. F=YINY
O E @ : 1 riR AL

A

i

Bl 2 BTk A A5 e - A 2 =S ]
Fig. 2 Discretized frequency offset-phase delay space
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