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using the criterion of minimum average error probability in the detection process for the receiver
nanomachine, and the mutual information expression is derived in DBMC model. Thus channel capacity
of this model is analyzed. The simulation results show that the different parameters have important
influences on the channel capacity. Compared to the existed point to point molecular communication
model, DBMC model can use less number of molecules and significantly improve the channel capacity.
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(DBMC) model is very limited. In the slotted point to point communication scenario, considering all the
inter-symbol interferences from all the previous time slots, the optimal decisive threshold is provided by
using the criterion of minimum average error probability in the detection process for the receiver
nanomachine, and the mutual information expression is derived in DBMC model. Thus channel capacity
of this model is analyzed. The simulation results show that the different parameters have important
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model, DBMC model can use less number of molecules and significantly improve the channel capacity.

Keywords: diffusion-based molecular communication; optimal decision threshold; mutual information;

channel capacity

55 DLES A A AR AR h g B 4

=
K 25 A 2 Hh 26 [ RH2E 5K Akyildiz 25 A\ T 2008 4F
AR REDHA MR RTERARBINE gm0 38 1y K o 25 6 B B D e 40K

éli]?K*IL%%(Nanomachme)mE@%Hﬁ%@$TJﬁﬁ%o émﬂé *R%%ﬁﬁé’ﬂ: E@ﬁiﬁi@%%% , }‘}\ﬁﬁﬁ%@%ﬁ%jﬁ

()96 1Bl P9 SE R A4 455 o 47 il 151 (Molecular
ek H #A: 2016-07-26 BRI HH: 2016-10-10; o N U
WA, [ ARSI ela3en, dnrgy  Communication, MC)RAKHLEZ I Hi AL
VR (LY 15F020029): A0, R AL 4 T Bk,
EH T FEB1981-), 2, WHEEK, W4, ml# NS ) A v s
5 n S = Z
B i r g sy, LI TR WO AR TR, T

o TR, R, BRONRN G ORHLIS LA A AR I B (R 7 AR
pNEEN

http: // www.china-simulation.com

* 2036 ¢

Published by Journal of System Simulation, 2018



Journal of System Simulation, Vol. 30 [2018], Iss. 6, Art. 5

530 B2 6 1
2018 4F 6 H

T N A 53 IAF S SE PRGN K ) 2% B T AT (1)
ARz —Pl MC BT MM RS, 584
A Tk, BRBE . 3P0, i,
MC A SBAE S IR Jegi s ant), BEpAmk
2PV S bR S T A BRI R

Ak, BT U 4> 1l {5 (Diffusion-based
Molecular Communication, DBMC)# RN 5| T 45 %
T2 R . Akyildiz 545 H T 3 3 DBMC
AR e 7 2 A1), Ahmadzadeh 54 HY T 2 Bk
DBMC AR ep gk sfemst, g K T B
A VL . Singhal S#HFST T 3 £1% DBMC #2441
PEABIBARI, 45 T 205 Y (1008 38 A o S
H T2 TG AT B Is Zh M), DBMC #5288 [ il
B mPkik. bz — e TG LT, af]
SRR ({5 18 2 o Kabir 25V TR —A
I RGO 4 i A B PR T A 0 T AR TE A
Nakano!" 1% [& T 75 73 1 1) 4= i J5 300 J2 A7 PR 1K) 1%
HLR, X DBMC BRI (5T A E AT T 704 .
Meng 25U H T 78 DBMC i, #ET 24
IR BGORE 4 i I B PR A [] Pt DAACOHH [ iR 435 A
WMER, G E AR ET Tk, Akyildiz 251
$eth T DBMC F S Al 77 22

B H FT A 1k, 3B BAT ST 22 A I B i) At )
S HE TR R DBMC AR (145 18 25 11 53
Mo ASCH TAREEAS i, 4347 7 DBMC %
RRFIEAR S, 5 O RSO 7 7l s B A
e, DBMC #AL ATl 1A D 17 T HOF g & 1R
PR A TIOR3 1 A5 U R AT+ 03
MR X

1 RGEHER

KA AL TR ) — ¢ DBMC .

MC HBEA R P55 Sl A3k L AL
BSOS 1A IR . e 3o — o) DBMC A4
L, RIETTKHLAS TN(Transmitter Nanomachine)
FFB T 9K ML 45 RN(Receiver Nanomachine) 43 7l
FEONGAT I A [ A 5 RO - e N ) o —

2, &5 BTy U o> AR M 5 8 A i

Vol. 30 No. 6
Jun., 2018

HEE BV EERE 1 820, JFRH OOK(On-Off Keying)
VEN I A . TN BRI — & R 18R
RILLCHE 1, AREIBAEAT 7> TR R KILLLRE 00 43
T BRI AR R B T, X280y A TG
Ml RN B 2 B RO, ASTA7AE R 3R
B,

Kl 1 25 —Jci DBMC B, Ff 1% (1 — 1kl
PR B RAG B X Wi a1 L, oAk
e DA B, R TT KL R T — e
K)o B EISEE T, 2 T E b
IS, IR ABHLEIE BT Ak bLEE,
FWCTT R8I SRR I T v e i Y ok
HEIEERR 180,

RIETTAKIEE  ERIEE BT
Aol s o T ] T o

1 —JCff) DBMC KR!
Fig.1 Binary DBMC model

AV 1 YRR i 5 T LR DL 224 T
AL, TN R R TI5 5] RN B
CUINYERE S LG FORE TR I EN (R

d2
d “aDi
f@)= , t>0 (1
¢wmf
A D NEVIIRENY EUREG 48 TN Al RN

Z Al
M B T R AR A T — B T
B, B, — AN AR ¢ A RN R
DRI RER B A R Ak E, L F(o)
LKorn(2).
d

2Dt

ASCrh, JRATPE S N B DBMC B,
BTN 55 RN EI R E5g L, [AEBTE 2
TR FAF A A 1 RN 9] 5o 0 1A I ]
RN T KA B, 2 A T=nTee o, T
A BRI 18], T BRI BREFEE TR], 0

() = Erfe( ), t>0 (2)

http: // www.china-simulation.com

* 2037 »

https://dc-china-simulation.researchcommons.org/journal/vol30/iss6/5
DOI: 10.16182/j.issn1004731x.joss.201806005



Zhen et al.: Channel Capacity Analysis of Diffusion-based Molecular Communicat

%530 B3 6 M
2018 4F 6 H

BT XI55 (s B ) N4

T2 1 (I<in)MIBRIFLR, X TN Kix 1
IMERAC N p, A% O (IHER (1-p). BATHIE
AT (- 1)/ B BG4 RTS8 AN BB TP 50 o
2, B i 1<isn-1)PIFRAZE 1, B 5 T
TEAEYIAEETH 2853 4 HUE S n AN B RN Rl 31
IR, Dk A Ronnal(3).

A = PLE((n—i+DT) = F((n—)Ty)] (3)

R, RS AN BUR IR 73 AR § AN
BB BT IIME ST A Ron W15K(4) o

Ay = PE(Ty) “

HI T2 T3 BURAN E M, TR T8 s
ST W TR AL 0 THBOT 29K LA RN,
LR AT B RN 2200 70 1 20H e
EREAT ERAE, AN St o 1 800 WS (1<<i<<n)
AN BB OIEAE 2 n A I B RN e 3 1) 4
THN Kipo BB n A BRI 1 5 70 120
M Ko

K, :iKin (5)
i=1

AT B A BE R, R K,=0,
M) RN i 1. Wik K,<p, W RN %t 0. wTLL
BB AA B EAEE AR A T E
LIER

2 fRIEEENT

A —IC DBMC B, BT 4> T
IBHEAH AL B RN KR 1B, AN
Bt RN B> TN ECN O WIFESS @ AN B
IELEH n BB RN R 1) 21 AN B K, BN 30
G At

K,, ~binomial(Q;,4,,) (6)

XFT DBMC B, FRATTZE% [ERT T ETA (n-1)
AR A HTE 0 NIRRT L. T4, 25 n
AN RSB R 2 T ECh K, IRELR 24> 30
AT, Fon (7).

ARG HAR

Journal of System Simulation

Vol. 30 No. 6
Jun., 2018

K, ~ binomial(Q,, 4,,)+

binomial(Q,, A4, ). .. +
binomial(Q,,4,,) (7
MG, I B(M, p) Rl LA IE
BT NMp, Mp(1-p)iEfiEia™, W) K, ay Ll
VK
K, ~N(QA,, 04, (1-4,)*
N(Dy 20 Qa0 (1-Ap ) F o
N(Qy > Oy Aun (1-2,)) (®)
T2 AN IES SR IE&S S i, Rk, b
R(®) A LAFEIR N«
K, ~ N(Q A, tO A, *..F0, Ay
O 4, (-4, )t
Oy A, (-2, )+t
0y (1-4,,)) ©))
Wil 2 Pros, XA Y 20 5 S AT B
Ffgrth o Ho R Hy 43 BRSBTS B 3% 0 A
1 0L, Prionifi®, B 0, Hithoh 1
MR . Pp sk, BIE S0 1 M
o e e X R
P.=P(Y =1| X =0)
P,=P(Y =1| X =1)
1-P,=P(Y =0| X =0)

1-P,=P(Y =0| X =1) (10)
1-P,
H,: X=0 y ¥=0
»
2
\Fo
H:X=1 P s =1

K2 2T DBMC B R Bl 1
Fig. 2 Hypothetical detection channel based on
DBMC model

5 Ho A Hy FVBCBERTSE 1 4TI B RN 1
TR 2 3R, 2 IR IEZS 73 20 e (1)

http: // www.china-simulation.com

Published by Journal of System Simulation, 2018

* 2038 »



Journal of System Simulation, Vol. 30 [2018], Iss. 6, Art. 5

530 B2 6 1
2018 4F 6 H

Hy : 2~N(tty,0,")

H, :z~N(y,0,°) (11)

BTN U S n ANNB. 2655 n NP
TN K% 0 I, z ) TN LEHT (n-1)/> N BUAGEAE S n
ANNER RN BB 23 AN 7258 n DB
TN Kk 1 I, z 2 TN AL n AR IEAE 241
B RN R 201N B0 R . BRI, BAiTmT BAAS
FADA P IS EAE N (12).

ﬂozigilin

=0, F(Tg)* 14
(12)

n—1
0-02 :Z Qiﬂ’in (1 - ﬂ“in)

i=1

0°=0,F(Ty)(1- F(Iy))+o,’

AR T R BB IR AR, BATIAR ] i/ hiR 22
HERAE ™, SEILB AR I T . BN ZERR R
FAAEI Ny -

P(Ho)p(Z|HO)_P(H1)p(Z|Hl)2O (13)

T P(Ho)RT P(Hy )53 500 R T IS B IE 0 1 (1)
=, RI2 P(H\)=p, P(Ho)=1-p. p(z|Ho)A! p(z|H))
Or IR AT BR A% 0 A 1 SR, RN W H)
z M TR

AX(13) ] LU s

pGIH) _PHY) _,
p(z|Hy)  P(H))

(14)

K. ORI EME. B PH)FT P(Hy)HI5E X
CIESIE

PUy) _1p _,
P(H)  p

(15)

[E I, 1(13)28H p(lH) AN p(2|Ho) R 5E SCAT % :

pzIH) _ f:(2)
p(z|Hy)  f2(2)

X £ () ML (2) 23 MIER RN 8245 Bl

(16)

2, &5 BTy U o> AR M 5 8 A i

Vol. 30 No. 6
Jun., 2018

B TR z RN IES S H, 2 ~N(,077)
HHy 0 2~N (1,047 ) 53 IR (23 5 o 3, 3%
RIE(17).

1 (z—m)
f:(2)= e
«/2%0‘12 (17)
(2=’
S = e 7

1
\2no;
i Eik6)-(17)X, Fed1453)

2

(z—)
1 e 20
2
p(z| Hy) _ 270 _
p(z|Hy) e
20’3

1
—e
\2noy
(01 =09)2* ~2(y07 =403 2+ 1307 40

%, 20507 (18)
0

A RXAHF A LXAHFRNALAR), AT LA
B AXAS) MR [, eI AR e s
AA8) Pt B 2 S AL A e BIAE, 45 R an=X(19).

2 2
Zz(ﬂoo'l ~HOy

\/(:”00'12 -0y’ ) =0y = 0y") >

- (0 — 1oy —20, 0, (In6—In O-0))}/
0

ol -ol=n (19)
HH(19) X152 7 s f5, 1A LA
sk Pe A Pp IA4E » H1(10)F Pp Al Py 152 SCRT 4,
AR P AT A Pp v L I (17) 20 P 26 5%
ARXHHE(20).
Pe=[ " 1@ = 0T
Oy
B (20)
B £z = 0T
o1

ot OCe) R HUEARUE I 270 A1 R AN BT 0 A1 bR
e e X

http: // www.china-simulation.com

*2039 -

https://dc-china-simulation.researchcommons.org/journal/vol30/iss6/5
DOI: 10.16182/j.issn1004731x.joss.201806005



Zhen et al.: Channel Capacity Analysis of Diffusion-based Molecular Communicat

%530 B3 6 M
2018 4F 6 H

Ly
Q(x)=J-:w\/;_ﬂe 2 dr @1)

Hife RS AR AT &0, (5T AR CHITHE AR R .

C=max [(X;Y) (22)
Hp, xRN X A Y EER, 1HE
AR

I(X;Y) = le le P(Y| X)P(X)log
x=0y=0

3 HHEER

EAATH, AT MATLAB 1) 543 %] DBMC
RO ({5 T 75 U LA L . B2 H 2 U ]
28, AFE TN 5 RN WS 4, § iR D,
AN BREFLEL I ) T, o BRANEL n 05 T8 25 5 (1) 5%
Mo PRATT U E ] e S AR s BRI A 5K
n=20, BEANIFBRAIER 7> 0=10 (1<<i<n).

3.1 TN fI RN Z Al IR 5 d

e 3, FRATIHEZ: T TN A RN Z MEEE
FEMCAS FME R OU R, B BB SE 30 k2 p 1K
MIOR R AR B BRI BRI 4 2 T B R . 3L
ESHEEMT: T,=10s, D=100 um’/s, n=20,
XL, TN F RN Z PR d HUE 5 0 % E ok
d=10 um, d=20 um Fl d=30 um.

PY | X)

—P(Y) (23)

1.0

PEaMEN
09F o . .B---3, .
/a° @ \
0.8 /,// N
A N \
0.7F A . . BR
>, roo ) SR
§0'6_ //',/(3 \‘s’ w )\
m 05 v N N\
e | ? RN
= 0.4 / AN
= oal - d=10 um o 8\
N -8 ¢=20 pm NN
02r/t - d=30 um \R&
01 _/ N ‘\\
O- 1 1 1 1 1 1 1 1 1 \‘\
0 0.1 02 03 04 0.5 0.6 0.7 0.8 0.9 1.0
IR

K3 dHUER, 165 p R
Fig. 3  The relationship between /(X;Y) and p
for the different values of d

HI1& 3 AT, 0 TR TNORT RN 2 [H) B

ARG HAR

Journal of System Simulation

Vol. 30 No. 6
Jun., 2018

d [HAE, BA5 BB SR p 1 2 i 2Bk
LeMEAALE S — THRRIA SCIRMER p B, 145
SRR, PR E G, AR
FHEFF 4RI/ . >4 TN A1 RN 2[RI 8E 85 d BUAS ]
e, TELE R d MU, A B EER.

FATo M A 3 P (K0 UAE R A
5l SRR p BIARE LA, 2T 1A
Mok, A BCELAS R 55—,
TN 5 RN Z 8B d B, 7054 RN Wi
BER A, HAE BB,

3.2 PEARHKD
K 4 Rf 2k R T DBMC B, AR R
FEARFEY BCR BB D=50 um?*/s, D=80 um’/s,

D=100 pm*/s 5L Bl 50 50 M2 30 0 (1 A2 4k ¢
Ro HESHEEWT: d=20 pm, T,=10s, n=20.

1.0
09r B A
0.8f SBTTTTE
0.7+ S N
S /,g/' "G\\O @\
>< 06 B l/ ‘\ \\T&
m 0.5F 4 8 m\
& o4t F NN
r103_/' —o— D=50 um%s RN
’ / --3-- D=80 um?/s \E!\‘\
021 —o- - D=100 pm?/s LR
0.1 / AN
0

0 0.1 02 03 0.4 0.5 06 0.7 0.8 0.9 1.0
SR p

K4 DIWEARKN, IXN5p ki
Fig. 4 The relationship between /(X;Y) and p
for the different values of D

BATVER], 5N p BN, A5 B E
IR IG N, & Bk B FEANEAE 2 5 238N I,
MIEYPRBE YRS D WK, T2 I
S3MER, RN 0o 1 IOMEZR I, i BAR B
A K. FRaH, 24 D=100 pm?/s, HA5RATTLLA
1] 0.896 bit/s. R, 4 H A5 S E G RSB HEAE
SE MBS, ARSI 3 7 A O KT [R] I
SRS P AR HONT S B R, ik, A5

http: // www.china-simulation.com

Published by Journal of System Simulation, 2018

« 2040 -



Journal of System Simulation, Vol. 30 [2018], Iss. 6, Art. 5

530 B2 6 1 Vol. 30 No. 6
2018 4F 6 BE, & ATV s FiEREAENEEA =S Jun., 2018
BIMES B . {4 0.4-0.5 0, HAF B2 m KAEH. EREWT:

3.3 FAIBRIFLLIS A Ts

MBS T IRATTE 2, TR BAEAN R I BRI
WHUE T=1s, 10s, 100s &0F RBEE L AME p
MRS MR I R p BEINET, HAE R
TIP3 N, S5 2E B FEAEE 2 G 200N 4
AN B S I () AR K I, AR BE P 1) 40 1 1
%, RN #Mor 7ImEZesg o0, Rk, HAERbEE
SR p R IR I A S AR
SHTEIER B HE, o7 Z Ry HeEg,
DG, HLAR R IE B AN R i e A5 25 BB 56 50 1
E p FEINGECN . SEREWT: =20 um,
D=100 pm®/s, n=20.

1.0 oo
09+ 07 o= 0 )
0.8+ J* oo
Y DTN
0.7+ A d°
= / NN
S06F AV
EJ 0.5+ J \ “o
{io L N o
= 04 / A\
= osl o T=ls ¥
0.3 \\
0.2 L/ —— T‘=105 \‘\
' — T=100 \
O‘l_/I’D’~-I3--.C},__D___El.~~|3 5 S \\‘

Og ! | | P - B )
0 0.1 02 03 04 05 0.6 0.7 0.8 09 1.0
et o) )

K5 THMEARI, IXGD5p HXER
Fig. 5 The relationship between /(X;Y) and p
for the different values of 7

3.4 BBRANEI n

w6 T, ZHEEWT: d=20 pm,
D=100 pm*/s, T;=5s. %K 7R T IBANE n 25 5]
2, 10, 20 ’PEOLT, HASE SEKMAE p Z 15
ARk k. T LA B = 45 R AR e 38— 3
SRR R p BRI, RN W12 T IOHE R 5K,
BAR R RE IR, SRR RS, It
INAEYIRET IR 5y TN 08 2, 237 Z T8 i
18, DK, HASEMERAN . o MEBOR, 7EER
W2 p FIHUEAH RIS, B4 R E RN o > p (FHR

4 on WRUNIIAERS, RV B A e, it
BEUGS 24 iy I BT P, i 3 A T R I
HIE K,

35 HELE R

FEST A AT, Kabir £83CHR[13]H 2 H
T HTAN I BEORE 2 F IS B R (RS DL R (9 4T
WA EEA R T 5. A5 SCR[13 180T
PUAs, VB AR S E R : d=20 um, D=90 um®/s,
T=20's, n=2, Wboh, AP EE 0=10 (=1, 2).
e FIRSHOREG O, A SO EAR B E
0.997 bit/s, T 3CHR[13]1 HA5 B4 0.78 bit/s,
PRI, A ST F 47 0 2 K T SCHR[13 ] AR T 2
oAb, SCERI31RER 10° A7, R TA
SCA B S S 9 R 4 T4 20

1.0

g- n=2
0.9F LB —e-p=10
0.8 B B —e—n=20

~ 07F o A :g\\\_&\\ .

gosr & X s

o 0.5 w4 ‘\&\

Jim RN

= 04F F N

ot/ RN
: \
02F/ 8

N

0.1 / N
0

0 0.1 02 03 04 05 06 0.7 08 09 1.0
SRR

El6 nHUEARI, IXGD5pHXER
Fig. 6 The relationship between /(X;Y) and p
for the different values of n

Meng {ESCHR[1S]8E H T 56 T A AL ) £ 36
EMATTE o AEUTEEI T, PATTBEE 5 STHR[15]
HHFRSE. ERIEEEGSR T, d=20 pm,
D=100 um’/s, n=21. KM 5T,
D=0.43 cm’/s, d=2 cm, n=21. I"(X;Y) 7R CHR[15]
TR BRI, 1 OGY)FRARSC AR BRI o
Y T ANFIME T=1 s, T,=10 s 1 T,=100 s I,
FERLPE B K BE B S 5 N, SCHR[1STRIASCH

http: // www.china-simulation.com

*2041 -

https://dc-china-simulation.researchcommons.org/journal/vol30/iss6/5
DOI: 10.16182/j.issn1004731x.joss.201806005



Zhen et al.: Channel Capacity Analysis of Diffusion-based Molecular Communicat

%530 B3 6 M
2018 4F 6 H

{7 VAL I LA 45 AR 73 Jnl ) 7 ] 8 B o

|

100

0.9F BIXD)
S 081 WD)
<071

S|
(A
¢ S O
~
T T T T T T

0.1
o ]
1 10
BRI BRI H) T,
K7 FEREE BRI 5N TLAR e {E LA

Fig. 7 The peak comparison of mutual information in the
short-range communication scenarios
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Fig. 8 The peak comparison of mutual information in the
long-range communication scenarios
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Fig. 9 The peak comparison of mutual information for the
different values of T,
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