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Abstract: Given the total bit rate, this paper studies the improved quantizer, the distributed quantization estimation for
random scalar parameters, and focuses on the optimal allocation of sensor bit numbers. Different from the existing results in
which the quantization bit rate of each sensor is given, this paper will combine the estimator algorithm and the construction
of different quantizers to study the optimal allocation under the fixed total bit rate. The noise in the observation model obeys
the Gaussian distribution, and this observation model is used to discuss the optimal allocation based on linear and general
types estimators through uniform Quantization. The former mean square error upper limit and the latter corresponding
lower limit are almost the same under the high-precision quantization scheme, and all show that the observation noise error
is inversely proportional to the quantization series. In addition, an alternating sequence bit allocation algorithm is borrowed
to ensure that the solved numerical solution is constant and non-negative. Finally, it can be seen from the Matlab simulation
that the optimal bit allocation estimator given in this paper is better than the traditional scheme.
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Fig. 1 Distributed quantization estimation scheme

AR A AR 7R Sy
z,=0+w,, n=12---, N. (1)
T e A LI f B AR e 75 23 3 A2 0 ~ N(0, 03)
Flw,, ~ N(0,02), \ififiz, ~ N(0,0% + o2), 3H
{wp, N RS A L H AR ) g s . R EGE (1)
HRR R E T RS 7R S I B [— W, WE 5 X 3.
HAR I E W 5T I o e A% 8 11 e AH O
HIZ&.
Bem, T RN N1 S W IE, #E R
BadoNr(), MFEg & o
éN:F(ml,m%”' 7mN)- 2)
1M P4 BE 1) PEAL B #E FH $2) 75 1% 2 (mean squared error,
MSE)#7, R
MSE = E(|0y — 0]?). 3)
) R B TZ RN 4% 2R Gy T 2,
HEREENI G KIE, B AR B Rk s
AR AR QAL IIE. 25 FE 2135 5] 73 e LR 2 AN [A]



%2 TREFEE: BN R B2 HO A AL SR D R 01 389

UL Nt 7 77 222 T VR R A T 1 B SR 50 D 2
FEnA RO BRI R RO N, AR E M
AP — 2 5T 5 AU B 52 IR B AT A i 2
O ARAL v, K S B4 2 LR QAR 4 I
BALRES, T RIS I A AT RiA 4 T
{mmeN—m{
ol 4)
st. D¢, =Q,Q>0,Q€Z.

n=1

3 BT REM TSR T RN TR

ZEAh A A ELARE 2 BiC

FH T I IO 248 A7 5 D PR, 1T O A% 3%
I TR A EAAC I, e s AN 2% 1 TAERE JI AR,
A Db L T T X 248 v 5 AN Y 05 A IR R SR B 11
TR, B LR A H B R S RN T
TRZAN TR ELRE L o0 e, 1 SRR A M S
SRR LR R 0 R B RS, SRS AR AR A
TR R ZE B/ N R B EE R 2.
31 s/ REM TR

AN SRS IE R T3S ST 208, 20T
Ny FE R R AN NS TR 2 s BRI
A NS R A 2%, B2l 1-0%.

K2 BsrEfe s

Fig. 2 Uniform quantization

B IE R T 50 AL 28 B2 20 A7 X gt [R]
IR T [-W, W), P4 848 3, R {12
Forn /N S RARIESE S, HL A, NI R T
KE:

= 2w %)
"= g
BN B (S 5 o, BRAEFR BN R4 X, H.
o X RO RN Z X ALY, Tz, s

n)

Tq$+1
J i @af(@n)da,

o , ©
| oo Flan)da,
ForP R f () W 2, RO 025 R 4L
B

Ty =

E(En) = 07 (7)
H
len| < A,. 3

B A A AL SR 25 1) A R 22 A ELMLST, T T 4% J%
I GFERRE(eie;) = E(e;)E(g;) = 06 # j).

B NIT R ZE AL TG BRSO TR RS SRS
HRO LB a] (R AE H AL KRR T OREE, BB 1R ks
REAGIERNME {2, } 0y To R F AR Bl & vhoty, T
el /NI TT R ZE AL T2 28 R R 24 75 4% 22 1] 433
FRN

1 =t ) N ©
561,.’1327 ,SUN - O-g n=1 0721 n=1 0-727,’

. ) 1 No1 -1
E(0 -0y =(5+> =) (1o

BTOREET EIREIE Y S  EASR AN  N AT iR
ZAbihay, 4 hiERo NYTRZE M TR
HE N TR ZE A A

N1

> o) Y (11)
-1 0 1

(1) A BRI { 2, Y U BN 7 i 22
AT 2SI { 22, VY,

FE1 1) RENS RIS R, TR
(i1 L7 2 Lloyd-Max ik 1k, 38 JERRUI3. 150 338w g o] L fgh
ML TR

2) R TTE PR, — R A B IR {8 5
ANBTFRE A, R RS AR

3) Ho HE” RN T KB O) A D R AR S
A UIE ) A ER 5 BOH, 1 (D A ] I iR/ N
VR AR S R ALULI e o O .

32 ETHRABTTREM TSR KR R

FEENE, BT RS ME RIS AR
FURR B BT 28, TTHE T SRS AE Vet it vt 2%
PR BRI, I SRR BT 1 LA B A I

EE 1 TR/ R AT
VM SR I BT B A B I P 2 R b
i, BT LR TR iR 2 b Sk B B /M, BERT
i)

N 1

0 (ITop)~

Qn N + Og2 ( 0_2

n

)a n:1327"'aN7

b TR s n IR LR,
iE R DIRI 2R 2N
EG—602=E@6—-0+0—0)=
E(6 — 0)* +2E[(0 — 0)(0 — 0)] + B0 — 0)% <
E(6 — 6)? + 2|E[(6 — 6)(6 — 0)]] + E(6 — 6)>.



37 %

390 oA R 5 N A
Mm@ A1) AE
E —6)* =
1 N1l o, Ne
_ _\— E N2 —
(03 +n§1 03) (n; G,%)
1 N 1., Ee
LA Y
1 N o1 N 1
AW?(— —)2 14
(Ug +7§1 U,QL) n=1 dbnot (14

i Cauchy-Schwartz N5 512, TR PIANBEHL AR
BEXHMY, H

[E(XY))? < EX?EY2 (15)
H(15)(10) A1 (14), f
E[(6—6)(6 - 0)]| <
VE® - 0)2B(0 — 0)2

1 N1
2W (= +

)2, (16)

-
M

FHR10)1H)16)FAR(13), £

n 2 2 1 o1 2
E(&—G) <4W (;‘F Z 72)
0

2 4
n=1 Un n=1 2 q”O—n

W+ X ) HE )
03 n=1 O-TQL 22(1”03
1 N1
(S+ X 5) (17)

AR L3 73 #r, D0 [ AT e 4 B 5 SR gt s
.

DA AU Hy B3k pirn] L, 228 e AR AL mT
PARE AR B o i v O s . (A7) B 58 =ik, 5K
(HFEQZBIFRE A T A AR B (17) A T iR 2
EBE, RIS T S il ME R AL

N1
J= n; JirgT (18)
A IRIEIME A AT PNy
N1 N
J=73 > , (19)
n=1 4‘1" 0'4 N 1
G VR
n=1
H
2907 = 2205 = .- =20}, (20)

(19) ik R E Tk B/ IME.

RHE A9 MR (20), 2(17) T HIMSETE B 1L 2%
NI 2 T A 7 Z= Ik s B /s b BRI, T &5 A0
Bicq: A R FR:

. Q
qn:N‘FlOgQ( 10_2 ),n:1,2’-..’N.
(2D

EEE.
FE 2 BRI P T SN R TR
W, o AT 38 B A LR A B PO B IE

243 o2

Vi .o
*:75V7 :1727"'5N7 22
o o2 22)
N, oo
(IT o)™
g = % +log, (=2 ), n=1,2,--- ,N. (23)
n N 0’% b b b b
X N7 2 o $ R ) B IE, P
202 — o2, (24)

WA B2 LR 58 81k

FE 3 ) RO2)EW BRI R R S A
By FAEARL NG 75 ERAH O, TR 5 s Ty 22 A%

2) R(12)R PSRRI R RS B R Q R IE
FEIR &, T B2 i AR Bt b QIR s K, 754
SRUN YT

3) fESEPRITHIRE T, xS AR e He sE i A LR,
T w5 s A as AT Ak, e PR =N ) SE LA 1T 2%
it

AT 72T R/ MY iR Z 2R m S
AT AR T S A U R A L T &, 32 TR, Al
AR S AL R e T .

4 BT —BRAME TR AR LR

AN AR T2 — AL S B T A L LR 43T
)N DNVt P vty L
4.1 Bayesian Cramer-Rao | R (BCRLB)f1Fisher

=S)

T WINMESS Bt FH Tl BENLAE EOm)
ftiit 2 HIMSE i 2 B

MSE 2>

1

. (25
d1ln fo(0) Oln f(x|0)

By VB )
SR (25 A I VBCRLB, A5 4 47 S
motmiz, et: 1, = 57T g, o

YoFisher(s ., WE(W)Q%%%ﬁﬁxibueﬁﬁ
Fisherfs K., T % 2 A3 WL 1 B8 T OR
M Fisher(s &.

R (1) H 1K) 0 A1 {aw,, N HBHRM 5 i 404,
47129

o, 0lnfe(0) ., 1
R A (26)
0 o 27
f(.’l:n| ) - \/%O'ne "y ( )

(RS AR L AEL (5 B SR R AL 1, HAT
2 Y, TR U8 75 {aw, YV 1

@ = {2122,



F2m LG BENUYE R RS H A R B It EURF 20 i 391
FHE ST, 4275 Izq"*l (pn(75] = 0) = pa(7” =6))? fo(0)do—
E(alnf(az\e))z: %E(alnf(xn\ﬁ) )2: %i i=0 Fn(,]_i(J’er% _0)_Fn(7_i(n) _9) e
00 n=1 00 n=1 0,21. 2an _1 (p (T(n) _ 9) _ (T(n) _ 9))2
O s Pol%s fo(0)do.
B SN Y
PR 26)28) AR @35) T8 (33)
MSE > ——— (29) BT w, ~ N(0,02), WA FAIIMER (AT
0p n=10, 1 _ st
W P BRI A P AR RIS IR, #5 Pu(@) = o= e M 59
IR PR, RS IO oo
SRR . T 75 TR 6 A E@) = [ pala)de 35)
A A, I S5/ 47 A5 A o 8 RO, " —oo M

M =0(10)iA%Bayesian Cramer-Rao | 5(29).
4.2 BRI BT

AT Segs tH— Rk TH AR T IR By 40
SE B, IR 5% ) R AN RS 2 SR g TE 2K

EI 2  ET AT TR Rk
BT, R RE T R AR R E A B
S BT RS 7 ZE I H I /N T BRI, s A

(30)

IE BB 2 B ST B ds AR BE, A5k
aen A — it HEAHb, %oR, b, =0,1, - - -,
20 — 1, I, W32 A& & & n i Fisher(E &, JF IR
HEA W25 S (W Fisher s 5. k% 0 &40 IAE
B {b,, Y0 FEL TE O S AT, PRI

N
Is=1Ip+ 3 I, (1)
n=1
s, =m0 erxspbiassin, muott
SOOI LR (B, b, theo, FIOIEIGE,
Olnp(b,|0
Ewnle( n%(e | ))2:
22 -1 9InP{b,, = |0 .
3 (PP =1 ey, — iy, a2
=0

ERB2)HAE b, ERERw, FOFH EISL, WA
Ibn =

S5 (O e, i) o 0)0=

00
(OPL= 10},
[ 0 (90
2 P, = il0}

- (8P{xn € [n(”),n(ﬂ]l9})2
[0 00 fo(0)do =
= P{xn c [ (n) _(n) e)

T aTi+1]|0}

Bt=7r"=0,i=0,1,---,2% — 1, IHFR33)
FINFIR AR E e,
o N (n)_e_n (n)_ez
—oo Fo(righ —0) — Fu(r;™ —0)
—oo F,(t+ A,) — F,(t)
T
I, =

n

[ nltr o) 01250

fo(r™ —1)ds, (36)

e E,(t+ A,) = Fo(t) ;::0 fo(m" —t)dt.
(37

PR 1] R 48t AT Sy A s WL Y el 2 L e e
[—W, W], WG A, F1{r ™y 1 U g, A6, T
A1, = W (qn), WA FURE 3 ) A 6

max JZV: Wo(qn),
Nn:l (38)
st. > ¢, =Q,n=1,2,---  N.
n=1
T (38) AT A ml Jd i Rk B H AR AL B2 A5 LU
e FCAE AR B2 [R5 Re A Ak A T R
{A, — O}D_ RsRff 3 i) @ b fie. 12 ZBn AN
RUEEUIN S A E A S A s AN
~9In f(x.]0) )
émn (xm 9) - BY ) gbn (bm ‘9) - 90 .

M (39) %% B XS ) Fisher{g 5N
I, =E(& (2,,0)), I, = E(& (bn,0)). (40)
454 10(28), XTI Fisher s 5276 W s 75 7 22 1
SEI A A WIRTR W BRI T RN AN

N
min 3 (I, —1I,),
n=1

(39

N 1)
st. Y. g, =Q, n=1,2,--- N.
n=1
N JE SCHI 3 BT 72, 070 A8 s fin F i AR
N Emn = gzn (xna 0)’ gbn = £bn (bn7 9)



392 oA R 5 N A

37 %

E.. 10 =(& )Ee,0((&a, — &, +&,)7) =
Eq,jo((€en — &.)")+
2B, 10((&an — &b, )8, ) + Eajo(&0 ), (42)
TR (AR5 66 KT 355y
8p(bn|9)
&, = —20 _ —
" p(balf)
(n) (n)
[ ey, [ e s,
(n) - (n) :
j(m f(@,]0)dz,, o F@loydz,
’ 43)

L @3) AT Eng, O 2 N KR R B e, 5T
IS DX 16 {4 B, P EH P T UAAT 386 A 5 B DA R S €, il
LRI R ZE AT,

Eafn|9((£mn - é‘bn)gbn) = O (44)
X (42) R IAE 1S3
L, — I, =B(&, — &) (45)

WA L 7, TR AR R T A, — 0,6,
WENE,, FE X R B, JEHAT

gacn, - gbn ~ an <$7L7 ) gac (Unv )r":‘/
(é”iﬁgiij’e))(xn,—-vn>, (46)

Horbo, REED, 73 X T HIBTL. XK A,— O] %>
DXL 2% B I A B R, fRTAL T b S R g R

E((gzn fb )2) =
IJ (?3% - Cn f(l‘m@)dxnde =

fj (zp, —cn)*f(xy,0)dz,d0 =
jj f(@al0)da, fo(6)d0 =
Ai
1204 @7
Pk ) gk — 2D e 4. 78 3 (41)(45) X @7) I 2%
filh b, ) g it — DA N A
A
min TRUTITE
vt n (48)
N
s.t. Z Gn = Q

AR A A 22 20 ] LA HE 2 22) [ R (48)
AR (19) M B BB MBI (2%
N
Q. [t
@=N+mx‘ﬁ )s (49)

He:n=1,2,---,N. EEE

FE 4D ETRUMYREMN TR T
EUASH 5 B ) A 7 AR R

2) TR IMEI 7 22 1 L B R R M, B
ZAFBN S C T B

3) ASCEE L ] B R 5 R AR, 42
T BT R BT R
5 fHEMR

AT T T iE I MATLABES IE 3k 23 Fid 77
TR U R AT AT 1. TR LS8 & BE AL S E0R
MO ~ N(0,1), I HBAEERASITE W = 208074
RBIN = 10. /ER 1, WL 75 7 228 58 A %
PRGN BN TE 2R A% S 38 X 45 R e e LR 43, D
AT LR TERR N A ELE L. TR EE RN A,
F1hq, = OfRFRALIBIEARBIE. R UG BT
RAE A TR RN BN AR, AR T W00 e 4
AT A SR e R R FH A FR P 9 DU, T R A K
L TRER VLI 25 SR AN AN J5 82 2 W v 5 T e B
JENETE AT I T A A T s

1 mEFHEe
Table 1 Optimal bit allocation

02 Q(30) Q(40) Q(50) Q(60) Q(70) Q(80)
0.0025 10 11
0.0034
0.0054
0.0095
0.0137
0.0324
0.0723
0.1285
0.1568
0.1821

S O = = W A A O O
— — DN A LN 9
PN W WL NN 00
W WA A O I 0 O O
R ST Y BN RSN
-

K135 ARSI I 1 — ﬂ“’”%”ﬁ@% fifﬁﬁ‘%ﬁﬁﬁi’ﬂ
TiRZEML, & LTRGBS

K3 (a) 73 4 TE&&%@ET/@B&’J@’J%&%@
THaE LA 3 40 B0 R #E f /NS T iR Z Al TE 28 IMSE
A, FTLLE t, PR ECE S A 20 D T A T #8 1R
Ze B B — M7 ZEAR, U A
FTERE L LE, W F IR AT E KRR BL T ST A

T3 FIMSETE B 55 QK B — B 2 1 fa #Ri&in T 3
S R EIE.

X1 EE, HMEHRFESER L, IWNEN —
oo, I ARt 1128 (maximum likelihood estima-
te, MLE)/FA— MR B ARER, (H HBISIE A SCHE H 43
BV M AR RE, BAE 2 M el el Ean
FS N ERIME. HAb, MlogllsR e B33



B2 TLEREES: BENLAS =S E U A N AL Bt EL 40 iR 393
Ln(ﬁ) — ? i:_l (5(1 _ bn) ln(Fn(Tz(ﬂ _ 9)_ V[‘%gMSEE(JBCRLB‘FI‘Eﬂ{E, Z%ﬁﬁﬂ%?%*%?%%
= AR I T TR A BB LU B P4 .

Fo(ri™ — 0)). (50) ISR FA T R E R S B LR B

CRE SRR, AT TR AL AR I S B
log AR BRIZL LN T :

N
L0 = m(fo0) + 5 L0 5D

THE, KT OMRRAE T
Oy = arg mgix{L(H)}. (52)

B3(b) et 1 ARKUR A T S EA T =T
RIMSE UL S HBRAS T BR. Ml #58e L 70 S T Aok
LR T A5 BE L B AL T 5370 S T BB L. 145
WHET LM T SF 245 — B

100 T T T T |
—+-- Quasi-MMSE T 1
T el --0-- Quasi-MMSEfft. ]
107 ¢ T~ o MMSEA S 4
IS el |
S N S
§ 102 e
g \,\\o. ‘‘‘‘‘ l\,*\ i
10° kO T
10*4 1 i 1 1
30 40 50 60 70 80
LR IS / Bits
(a) BMEfhhds
107 ¢ T T T T
‘ —+--MLE¥)
- el —o-- MLEff:{k
b TRl MMSEf#iit%
102 F T E
fﬁ 0 E v\'\ .k'\
5y TS ~ ’\'n-‘
= LT N Tl
10 e 2 S Dm0
10’4 1 1 1 1
30 40 50 60 70 80
LRFTSe. / Bits

(b) —fBeAtiihas
Kl 3 it s iR L
Fig. 3 Comparison of Estimation MSE

g5 L, TR EE T LA T a5 R o T — R Y
fhTHSIIMATLABA; HA5 R, #IhR I A S aa Hi Y
KT LR ) B B 3 FOVE A R AT AT AT
6 45k

AR VA e {5 Y — e e e AR TR g it ¥ SE Y
SR AR A LGl b A 38 Ak Al T RS IR 4 0 R Y
MSE_bBIME. A5/ Mz EBRME TR L E R T8
it s EURF U BAR M BTV, S AMEE B T T Al

S5 —EL LRSI G TR BT SR 2 O A LR RoR]
RE/ NGBS I, SIN T HURF 2 B A2 35 41
A7

S5 Mk

[1] RAJA B, RAJAKUMAR R, DHAVACHELVAN P, et al. A survey
on classification of network structure routing protocols in wireless
sensor networks. International Conference on Computational Intelli-
gence and Computing Research. Chennai: IEEE, 2016: 1 - 5.

[2] WU Yilin, SHEN Zhiping. The tracking problem in networked sys-
tems with periodic signal reference input. Control Theory & Applica-
tions, 2016, 33(5): 685 — 693.

(BRI, LB WAL R LR M5 5 (KR, = 28 S5 R,
2016, 33(5): 685 — 693.)

[3] SHEN Zhiping, CHEN Junyong, WU Yilin. Distributed quantization
estimation and optimal bit allocation for a random variable. Control
Theory & Applications, 2016, 33(8): 1074 — 1080.

(LM, BR7E 5, BRAAR. BENLIES B A U AL Al o S A b
FESTIC. PIEE e SR, 2016, 33(8): 1074 — 1080.)

[4] CARVALHO F, SANTOS E, IABRUDI A, et al. Indoor wireless sen-
sor localization using mobile robot and RSSI. IEEE International
Conference on Mobile Ad-hoc & Sensor Systems. Las Vegas: IEEE,
2012: 1 -6.

[5S] MOHAMED R E, SALEH A I, ABDELRAZZAK M, et al. Survey
on wireless sensor network applications and energy efficient routing
protocols. Wireless Personal Communications, 2018, 101(6): 1 —37.

[6] XU T, GONG L, ZHANG W, et al. Application of wireless sensor
network technology in logistics information system. American Insti-
tute of Physics Conference Series, 2017, 1834(1): 145 — 147.

[71 BEHBAHANI A S, ELTAWIL A M, JAFARKHANI H. Linear esti-
mation of correlated vector sources for wireless sensor networks with
fusion center. IEEE Wireless Communications Letters, 2012, 1(4):
400 - 403.

[8] SANI A, VOSOUGHI A. Distributed vector estimation for power and
bandwidth-constrained wireless sensor networks. IEEE Transactions
on Signal Processing, 2016, 64(15): 3879 — 3894.

[91 EPHRAIM Y, GRAY R M. A unified approach for encoding clean
and noisy sources by means of waveform and autoregressive model
vector quantization. IEEE Transactions on Information Theory, 1988,
34(4): 826 — 834.

[10] AYANOGLU E. On optimal quantization of noisy sources. /IEEE
Transaction on Information Theory, 1990, 36(6): 1450 — 1452.

[11] LAM W M, REIBMAN A R. Design of quantizers for decentralized
estimation systems. IEEE Transactions on Communication, 1993,
41(11): 1602 — 1605.

[12] GUBNER J A. Distributed estimation and quantization. /[EEE Trans-
actions on Information Theory, 1993, 39(4): 1456 — 1459.

[13] MAX J. Quantizing for minimum distortion. IEEE Transactions on
Inforamtion Theory, 1964, 10(4): 384 — 385.

[14] MARANO S, MATTA V, WILLETT P. Asymptotic design of quan-
tizers for decentralized MMSE estimation. I[EEE Transactions on Sig-
nal Processing, 2007, 55(11): 5485 — 5496.

[15] LLOYD S P. Least squares quantization in PCM. IEEE Transactions
on Inforamtion Theory, 1982, 28(2): 129 — 137.

[16] ZHANG K S, LI X R. Optimal sensor data quantization for best linear
unbiased estimation fusion. The 43rd IEEE Conference on Decision
and Control. Nassau: IEEE, 2004: 2656 — 2661.



394

7w oo 5 MM

37 %

(17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

COVER T M, THOMAS J A. Elements of Information Theory. The
2nd Edition. Hoboken: John Wiley, 2006.

VISWANATHAN H, BERGER T. The quadratic gaussian CEO prob-
lem. IEEE Transactions on Information Theory, 1997, 43(5): 1549 —
1559.

PRABHAKARAN V, TSE D, RAMCHANDRAN K. Rate region of
the quadratic gaussian CEO problem. IEEE International Symposium
on Information Theory. Chicago: IEEE, 2004: 119 — 126.

CHEN J, ZHANG X, BERGER T, et al. An upper bound on the sum-
rate distortion function and its corresponding rate allocation schemes
for the CEO problem. IEEE Journal on Selected Areas in Communi-
cations, 2004, 22(6): 977 — 987.

GERSHO A, GRAY R. Vector Quantization and Signal Compression.
MA, USA: Kluwer Academic Publishers Norwell, 1991.
BUCKLEW J A, GALLAGHER N C. Some properties of uniform
step size quantizers. [EEE Transactions on Information Theory, 1980,
26(5): 610 —613.

HUI D, NEUHOFF D L. Asymptotic analysis of optimal fixed-rate
uniform scalar quantization. /[EEE Transactions on Information The-
ory, 2001, 47(3): 957 - 977.

TABESH A, MARCELLIN M W, NEIFELD M A. Optimal rate al-
location for entropy-coded uniform scalar quantization of dependent
sources in nonbinary hypothesis testing. IEEE Transactions on Com-
munications, 2010, 58(1): 16 — 20.

FRAYSSE A, PESQUET P B, PESQUET J C. On the uniform quanti-
zation of a class of sparse sources. I[EEE Transactions on Information
Theory, 2009, 55(7): 3243 — 3263.

BROCKETT R W, LIBERZON D. Quantized feedback stabilization
of linear systems. IEEE Transactions on Automatic Control, 2000,
45(7): 1279 - 1289.

[27]

(28]

[29]

(30]

[31]

[32]

[33]

DELCHAMPS D F. Stabilizing a linear system with quantized state
feedback. IEEE Transactions on Automatic Control, 1990, 35(8): 916
-924.

KAY S M. Fundamentals of Statistical Signal Processing: Estimation
Theory. Englewood Cliffs, NJ: Prentice-Hall, 1993.

STEELE J M. An Introduction to the Art of Mathematical Inequali-
ties. Cambridge: Cambridge University Press, 2004.

RAMSTAD T A. Sub-band coder with a simple adaptive bit-alloca-
tion algorithm: A possible candidate for digital mobile telephony.
IEEE International Conference on Acoustics, Speech and Signal Pro-
cessing. Paris: IEEE, 1982: 203 — 207.

VAN TREES H L. Detection, Estimation and Modulation Theory.
New York: Wiley, 2001.

SHOHAM Y, GERSHO A. Efficient bit allocation for an arbitrary set

of quantizers. I[EEE Transactions on Acoustics, Speech, and Signal
Processing, 1988, 36(9): 1445 — 1453.

ZWIERNIK P, UHLER C, RICHARDS D. Maximum likelihood es-
timation for linear Gaussian covariance models. Journal of the Royal
Statistical Society, 2017, 79(4): 1269 — 1292.

YR R A

i, BB, HRTHETs e sl s stEqe

d114%, E-mail: zpshen@htu.cn;

WRZEH ML, IR, B AT FT AR s Al ik

AL T14E, E-mail: junonchern@zust.edu.cn;

SRERAR B, R, BRTETT O A5 5 A 2 s

Hill%F, E-mail: lyw @gdei.edu.cn.



