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A variable weight address code based on spectrum amplitude coding (SAC) is proposed for optical code division mul-
tiple access (OCDMA) networks to support different quality of service (QoS) requirements of different services. The
zero cross-correlation magic square variable weight optical orthogonal code (ZMS-VWOOC) proposed in this paper has
great flexibility in terms of code weight and number of users. Zero cross-correlation can eliminate the influence of
multiple access interference (MAI) and reduce the system complexity. Numerical results show that ZMS-VWOOC can
provide better quality of service than similar codes. Numerical results for a ZMS-VWOOC OCDMA network designed

for triple-play services operating at 0.622 Gbit/s, 2 Gbit/s, 2.5 Gbit/s and 3 Gbit/s are considered.
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The future Internet applications require higher data
transmission capability and diversified acceptable quality
of service (QoS). Optical code division multiple access
(OCDMA) technology has become one of the alternative
solutions for the next generation access network because
it can provide asynchronous communication with high
confidentiality and high QoS at the physical layer!'?. In
addition, this technology has attracted great attention in
optical sensor networks!), free-space optical networks!"),
cryptographic systems, orthogonal frequency division
multiplexing (OFDM)"! and lidar technologies'*"".
Spectrum amplitude coding (SAC) technology has
become one of the most successful methods in OCDMA
networks because it reduces the multiple access interfer-
ence (MATI) effect™, simplicity!"” and the possibility of
supporting diversified QoS transmission. The variable
weight OCDMA system based on SAC technology is
considered to be a reasonable solution for triple-play
services. The codes of different code weights in this sys-
tem can be used for different play services, such as video
on demand, voice and data, among which users with high
QoS requirements use a code with a higher code weight
for transmission'"'?. In order to improve the perfor-
mance of the SAC-OCDMA system, several variable
weight code schemes have been introduced. The tradi-
tional variable weight code is subject to certain re-
strictions on the choice of code weight (variable weight
Khazani-Syed (KS)""*! can only choose even integers as

the code weight), or the code length is longer (variable
weight optical orthogonal code (VW-OOC)!")). In order
to support high transmission capacity in terms of data,
reach and number of subscribers, and to provide different
QoS for different multimedia applications, this paper
proposes a ZMS-VWOOC. The code has the following
advantages: 1) Any integer value can be selected as the
code weight according to the QoS required by the user; 2)
The code structure is simple; 3) Choosing the number of
users is more flexible; 4) The cross-correlation value is 0.
In the non-coherent SAC-OCDMA system, each user is
assigned a different code. When the user sends a data bit 1,
the code corresponding to the address code received by
the target will be sent at the same time. At the receiver, all
codes from different users are correlated. If the correct
code is received, a higher peak auto-correlation function
will be generated, otherwise a cross-correlation function
will be generated and MAI will be generated. The main
factors affecting the performance of the SAC-OCDMA
system are MAI and photoelectric detection noise. This
can reduce MAI and reduce the number of receiver filters
by using a lower and same cross-correlation value code.
Generally, the detection noise includes shot noise, phase
induced intensity noise (PIIN) and thermal noise. The first
two obey the negative binomial distribution!'”), and the
latter obey the Gaussian distribution. For the convenience
of calculation, Gaussian approximation is usually used to
analyze the bit error rate (BER) performance of the sys-
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tem''®). Because the code has zero cross-correlation, the
influence of PIIN can be ignored by using Direct De-
coding (DD) technology''”. Refer to BER and sig-
nal-to-noise ratio (SVR) to characterize the performance
of the code. Analysis of the curve of BER and SNR shows
that the SAC-OCDMA system based on the ZMS-
VWOOC coding scheme can provide high transmission
capacity and expected QoS.

Definition 1: The magic square of order Z can be rep-
resented by a matrix of order ZxZ, which only needs to
satisfy that the sum of elements in each row, column, and
diagonal is equal. The elements in the magic square are
not repeated, and the maximum number K, < 7.

The design parameters of optical orthogonal codes @ (L,
, 24, Ac), Where L is the code length, w is the code weight,
Aa 1s the auto-correlation, and A, is the cross-correlation.
The optical orthogonal code in this paper uses the position
number of "1" in the code to represent the "0,1" code
sequence, and the corresponding relationship between the
magic square and OOC is: Ax—L, Z— o, where Amax=Zz,
so the zero cross-correlation magic square constant
weight optical orthogonal code (ZMS-CWOOC) is (72, Z,
s 0).

The ZMS-CWOOC is constructed according the fol-
lowing steps:

Step 1: Generate the required matrix by A=magic(Z).

Step 2: Convert the elements generated by the magic
square of order Z into the position of | in the "0, 1" code
sequence to obtain a code sequence with a
cross-correlation limit of 0.

For example, as shown in Fig.1, A=magic (4).

A=0 betwee(:n/g'l and C,

—

16 0‘17“10000000001001

5 > 0000100101100000

9 000001 10100‘1‘9000

4 1001000000000110
e

A=0 between C;I and Cy

Fig.1 A=magic (4)

Therefore, the ZMS-CWOOC that a magic square of
order 4 can generate is (16, 4, 1, 0).

The zero cross-correlation magic square variable
weight optical orthogonal code (ZMS-VWOOC) con-
structed by the above theory is (L, W, 4, 4., Q), W, A and Q
represent the set {®,, @y, ..., ®; }, {Aal,/laz, o la Yand {q,
q2, ---» q; }, L 1s the code length, W is the code weight set, A
is the auto-correlation, /. is the cross-correlation, and g; is
the ratio of the code capacity of different code weights to
the total capacity.

The ZMS-VWOOC is constructed according the fol-
lowing steps:

Step 1: Select the code weight set required by the user
and generate the corresponding matrix by A=magic(2),
where Z is any positive integer greater than or equal to 3.

Step 2: Using mapping technology makes 4.=0 between
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codes of different code weights!"™®), and at the same time

expands the total number of users of the basic matrix.

A, 0 0
B(j)=| 0 . 0 | (1)
0 0 4,

Step 3: L=Ly,+LoytLest... L, i is any positive integer
greater than or equal to 2, the total code capacity is
D=2+ Zt..t 2, ] is a positive integer greater than 0.

Step 4: The general structure of different code weight
groups can also be constructed through mapping tech-
nology. The code weight group in the mapping matrix is
different from each other, and a suitable code recombina-
tion matrix can be allocated according to the specific
service quality required. Matrix C provides j groups of
variable weight code sequences with different qualities of
service. Cp(;) shows the mapping basic matrix of different
code weight groups. The maximum cross-correlation
value between users in the same matrix is 0, and the
maximum cross-correlation value between different
mapped users is 0. Therefore, this technology ensures that
the maximum cross-correlation value between all users in
different code weight groups is 0.

B, 0 0
Cyy=| 0 " 0| @)
0 0 B

. - N _
Step 5: The code length is L(CB(.f))_Zk:ILBk_
Ly +Ly +...+L, , the total code capacity is

D= +P,+...+@;, where j is a positive integer greater than
0.

For example, as shown in Fig.2, select any code weight
set W={5, 4, 3} to generate the corresponding matrix A4,

1
1000000100000010100000010 wy=4 =3
3
0000101000000101000000100 8(1)(1)008008008188(1) 100001010
0001010000001000000101000 0100101100 001010100
0010000001010000001010000  000011010010000 5, 5, 5500
1001000000000110

0100000010100000010000001

Fig.2 Matrix A, generated by code weight set
W=(5,4,3}

The corresponding code matrix is generated according
to the mapping method. Each "0" in the mapping matrix is
a series of zeros, as shown in Fig.3.

The generated ZMS-VWOOC is (50, {5, 4, 3}, 1, 0,
{5/12, 4/12, 3/12}).

Based on the above steps, the magic square sorting
order reduction method is used to expand the code ca-
pacity of different code weights, the code length is ap-
propriately shortened, and the magic square matrix before
the reduction is odd-order, there can be two construction
methods.

Method 1: the steps are as follows:

Step 1: Generate odd-order magic square matrix with
order greater than the required code weight by magic
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algorithm.

1000000100000010100000010
0000101000000101000000100
0001010000001000000101000 0 0
0010000001010000001010000
0100000010100000010000001

B(1)= 0110000000001001
0000100101100000
0000011010010000
1001000000000110

0 0

100001010
001010100
010100001

Fig.3 A new codeword matrix is generated according
to the mapping method

Step 2: The magic square matrix generated in step (1) is
sorted in ascending order from left to right by sorting
algorithm, and the magic square matrix corresponding to
the required code weight is selected.

Step 3: Use the largest element in the magic square
matrix generated in step (2) as the code length to construct
the code sequence matrix.

For example: Let A=magic(5) generate a magic square
matrix to construct a code sequence matrix with a required
code weight of 4, as shown in Fig.4.

1724 18 13 18 s 17 24
23 5 7 14 16 Sortascending : 5 7 14 16 3
4 6 13 20 22 = 4 6 13 20 2
1012 19 21 3 3010 12 19 21
118 25 2 9 2 9 11 1825

Fig.4 A new code sequence matrix with code weight of
4

Then, the corresponding code sequence matrix is gen-
erated according to the magic square matrix.

w=4
10000001000000101000
00001010000001010000
00010100000010000001
00100000010100000010
01000000101000000100

Fig.5 Code sequence matrix generated by magic
square matrix of order 5

Step 4: When the order of the magic square matrix is
odd, the code length (L) of the generated new code se-
quence is equal to the product of the code weight (/) and
the number of users required (N).

L=WxN. 3)

Method 2, the corresponding odd-order magic square
matrix can be directly generated according to the fol-
lowing steps:

Step 1: Make sure the order of the required magic
square matrix is an odd number N, so ix%jx magic square
matrix can be generated, i=1,2,3, .., N,j=1,2,3, ..., N,
K=1,2,3,..,N.
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Step 2: For example, i=1, K=1, 1,=1:

=1+, v Tl PNH2 1y =1y TN 2,
2 2 2 3
Lys =Ly tN+2,..0, =1, + N+2 (4

2 2
Step 3: After determining the first row according to step

Q). /=1, K=1,1,=1:

L=ixN, 15=1y—1, ..., ly=ly 1. (5)
When j=2,

222151, 252251, 245i%N, 25=24—1,.... 2x=2x1—1.(6)
When j=3,

3,=3,—1, 3;=3,—1, ..., 36:jXN, 3,=361, ...,
331, %)
When j=N,

N=N,—1, N5=N,—1, vy NAy=7XNL (8)

The number of users that constitute the basic matrix is
determined by the maximum number of users required in
different code weights, and the codes of the remaining
code weights are selected according to the mapping
technology to select the magic square matrix corre-
sponding to the required code weight.

In Tab.1, ZMS-VWOOC is compared with the other
three codes in terms of code attributes, including code
length, maximum cross-correlation value, code weight,
and total number of users. These three codes are
VW-00C, VW-KS and VW-MS!"?.

Tab.1 Comparison of different variable weight codes
properties

Codes Code length  Amax  Code weights Total users
VW-00C 427 1 4{5,4,3,2} 50
VW-KS 170 1 4{8,6,4,2} 50
VW-MS 108 1 4{5,4,3,2} 50
ZMS-VWOO0C 168 0 4{5,4,3,2} 48

In Tab.1, the code weight sets of the codes are all 4, and
both support about 50 users. The results show that in the
synchronous SAC-OCDMA system, the maximum
cross-correlation of ZMS-VWOOC is smaller than other
codes. When the number of users and the code weight are
close, the code length of ZMS-VWOOC is significantly
smaller than that of VW-OOC, and the supported code
weight is more flexible than VW-KS.

Fig.6 depicts the correlation between the same code
weight and different code weights in the same code,
where A, represents the correlation between codes of
the same code weight, and /,,,; represents the correlation
between codes of different code weights!'*.

We have established a mathematical model of ZMS-
VWOOC, which takes into account the main performance
degradation factors in the SAC-OCDMA system, in-
cluding MAI and photo detection noises. Because
ZMS-VWOOC has a fixed and same cross-correlation
value, the influence of MAI can be ignored. And the code
has zero cross-correlation value, so this article considers
the impact of shot noise and thermal noise. In addition, the
performance of ZMS-VWOOC is analyzed based on the
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DD technology. Studies have proven that the direct de-
coding detection technology only obtains non-overlapping
wavelengths, so only one photodetector is needed, which
reduces the cost and complexity of the receiver, and the
number of systems that can be supported is higher than
complementary subtraction (CS) and AND subtraction
detection technology!"”".

Inter-weight Ca) 1
correlation Intra-weight

correlation

\S‘\
of
W
Aw3ws

Awren Correlation

parameters

A3

N )y Awse2 i

Fig.6 Code correlation analysis

The block diagram of the constructed ZMS- VWOOC
system is shown in Fig.7. It is composed of transmitter
and receiver respectively. The transmitter consists of a
broadband light source (BBS), encoder, user data and
modulator. At the encoder, the code can be generated by
selecting the wavelength from the broadband light source
through a filter, and the selected wavelength corresponds
to the unique code of each user, and then the wavelength
of each user is data modulated by the Mach-Zehnder
modulator (MZM), and finally combine and transmit the
output data to the optical fiber. The receiver uses DD
technology, which uses non-overlapping wavelengths to
detect each user’s signal. The decoder consists of a filter, a
photodetector and a low pass filter (LPF).
Non-overlapping wavelengths are selected and sent to the
photodetector and then passed through a LPF to restore
the original data. Since only the required signal spectrum
in the optical domain is filtered out, the MAI effect is
successfully eliminated completely.

Y

s c s
p|e ® 0 pP|e
ik Ml Ll %
L B L ~ |

ol Y [ Fo R4 1 Fopaa| 1 7 B2 {1F] - {owa]
T ® I N | medium T | ® |
E E I —
R ENCODER R R DECODER

- Ao Mach zehnder
FILTER modulator

Fig.7 Block diagram of system setup for proposed
ZMS-VWOO0C

Photodetector 4&

This code is mainly affected by shot noise, PIIN and
thermal noise in the SAC-OCDMA system. For the con-
venience of calculation, Gaussian approximation is usu-
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ally used to analyze the BER performance of the system.
Because the ZMS-VWOOC code has zero
cross-correlation characteristics, the influence of PIIN can
be ignored. Assuming that there is an incoherent broad-
band heat source, the photocurrent noise generated by the
detection of the naturally occurring ideal unpolarized
thermal light can be expressed as

=0 =2eBI LAKTE )

noise shot

.
L

where Iy, represents shot noise, lyermal represents thermal
noise, / is average photocurrent, B is the equivalent cur-
rent bandwidth of the receiver noise, e is electronic charge,
K, is Boltzmann’s constant, and 7, is the absolute noise
temperature of the receiver, and Ry is the load resistance
of the receiver.

In order to simplify the analysis of the ZMS-VWOOC
system, the following assumptions are made!***);

1. Each light source is ideally unpolarized and its
spectrum is flat for given bandwidth [vy—Av/2, vy+Av/2],
where vy is the central optical frequency and Av is optical
source bandwidth.

2. Each spectral power component has the same spec-
tral width.

3. The received power is the same for each user.

4. Each bit stream is synchronized from each user.

The power spectral density (PSD) of the received op-
tical signals can be written as!***’!

G(v)= %ij d,>" C(OI()- (10)

In the above formula, Py, represents the effective power
of broadband source at receiver, d, represents the data sent
by the nth user is "1" or "0", and C,(/) is the /th element of
the nth code sequence.

I1(/) can be defined as***"

Av
H(Z)zu[v—vo—z(—L+2l—2):‘—

u[v—vo—ﬁ(—L-i—%)}:u& : (11)
2L L
And u(v) is the unit step function expressed as

1, v=0

0, v<O0

According to the nature of the code of ZMS-VWOOC,
using DD technology, the relevant attributes of the /th user
whose code weight is W can be expressed as

> C0c, ()=

W,,n=m Thesamemapping matrix (13)
0,n#m Thesame mapping matrix
0,n#m Different mapping matrix

The power spectral density G(v) received by the photo
detector at the /th receiver is

G(v) = % >,y (e, ) {u %} : (14)

n=l1

Integrate the above formula to get the power of the pho-
todetector:
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oo 25505 coco[u -

Rr Av Ng; L _

T 2t 422, G DC, (D =

PW. } PwW.

Ller&an/ g B (15)
L L n=lnzm N L

When all users send data as 1, the photo current of the
photodetector is

o B, Av vy, L _
I=R jo G(v)dv = =Y d,> " C.(C, ()=
REW; | (16)
L

In the above formula, R is the responsivity of the
photodetector, which is determined by

rR=T,
hv
where 7 is the quantum efficiency, /4 is the Planck’s con-
stant, v is the center frequency of the original broadband
optical pulse, and e is the electron charge.
The shot noise can be expressed as

(17)

2eBRP W
I —9ep = 22 (18)
) L
The thermal noise can be expressed as
» _4KTB. (19)
thermal R

L

Asbit ‘1’ and ‘0’ have the same sending probability, the
photocurrent noise can be written as

: _CBREW, (4KTLE (20)
noise L RL
The SNR can be written as?*®!
RRW, Y
P e
SNR=——=
Iy (¢BRPW, 4K.TB
w [CBREW, AKTB
L R,

Using Gaussian approximation, the BER can be written

as
BER:Pe:lerfc /% ’
2 8

The quality of the received signal is evaluated by a
factor of SNR, which represents the ratio of average signal
power to total noise power. As shown above, the SNR is
closely related to the BER, and a better SNR can achieve
more efficient performance and better QoS. In order to
analyze the proposed system in depth, refer to the system
performance parameters shown in Tab.2, and analyze the
mathematical formula proposed in the previous section
from the aspects of SNR, BER, and received power.

Fig.8 shows the relationship between the number of
users and the SNR of ZMS-VWOOC under the same
effective power of —10 dBm.

(22)
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Fig.8 shows that under the same effective power, the

SNR of ZMS-VWOOC decreases with the increase of the

number of users, and under the same number of users, the
larger the code weight, the higher the SNR of the code.

Tab.2 The parameters used to find out the numerical

results for VW code

Symbol Parameter Value
n Photodetector quantum efficiency 0.6
Ry Bit rate 622 Mbit/s
B Electrical bandwidth 311 MHz
Ry Receiver load resistor 1030 Q
A Operating wavelength 1 550 nm
P Received optical power —10 dBm
T Receiver noise temperature 300 K
Electron charge 1.6x10" C
Planck’s constant 6.63x107* Js
Ky Boltzmann’s constant 1.38x1072 J/K
10° T T T
4 —2— w=5 Psr1=-10 ZMS-VWOOC
1 —+— w=4 Psr1=-10 ZMS-VWOOC
A —*— w=2 Psr1=-10 ZMS-VWOOC
L
104
o0
z 10°

0 20 40 60 80 100 120 140 160 180 200
Active Users(K)

Fig.8 The relationship between active users and SNR
in ZMS-VWOOC under the same effective power
Ps=-10 dBm

In Fig.9, the data transmission rate is set to 622 Mbit/s
(ITU-T STM-4 standard). Under the same code weight set
and effective power, the relationship between the number
of users and BER of VW-MS and ZMS-VWOOC is
shown in Fig.9.

—&— w=5 Psr1=-10 ZMS-VWOOC
a 1=

* ok F
L ++

*
. * et

BER

o v
e-( X: 98
= = A./Y 4.5260.00) Y: 2.2550-00
(x4 I /,,,,,,,,,,,3,,,, - 4
Y: 8.725€-09 . 7 X122
ool X: 44 Vi / Y: 1.952e-00 |
¥ Y:7.55-10 #
I /¢

sl T oo
o 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
Active Users(K)

Fig.9 The relationship between the number of users
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and BER of ZMS-VWOOC and VW-MS under the same
effective power Ps=—10 dBm

Fig.9 shows that under the same effective power of
—10 dBm, the BER of ZMS-VWOOC increases with the
number of users. Under the same number of users, the
larger the code weights of ZMS-VWOOC, the better the
bit error performance. Under the same conditions, when
the acceptable BER of the reference data is 10, the code
weights in ZMS-VWOOC are 5, 4, and 2 can accommo-
date 122, 98, and 50 users respectively. The code weight
of VW-MS is 5, 4, and 2 can accommodate about 44, 34,
and 24 users, respectively. Therefore, the maximum
number of users that ZMS-VWOOC can support is
greater than the maximum number of users that VW-MS
can support. In addition, since there are non-overlapping
wavelengths in the ZMS-VWOOC system, the use of DD
technology reduces the number of photodetectors, and the
cost is lower than that of the VW-MS system.

Fig.10 shows the relationship between data rate and
BER of ZMS-VWOOC and VW-MS codes under the
same number of users 95 and the same code weight set.

|
53|y vak
T st
- s
A P
s 55T X2
| Y:8.249-06

PN

Y:0.0653
- PO

BER

X:1

X:07 e ]
5920000
10710 /
/

—tA&— w=5 Psr=-10 ZMS-VWOOC
1A w=5Psr=-10 VW-MS
—H— w=4 Psr=-10 ZMS-VWOOC
% w=4 Psr=-10 VW-MS
—te— w=2 Psr=-10 ZMS-VWOOC
o w=2Psr=-10 VW-MS
T T T

1015 L L L J
05 1 1.5 2 25 3 3.5 4
Data rate(Gbps)

Fig.10 The relationship between the data rate and BER
of ZMS-VWOOC and VW-MS under the same effective
power Ps=—10 dBm

Fig.10 shows the relationship between the data rate and
BER of ZMS-VWOOC and VW-MS under the same ef-
fective power. Under the same conditions, when the ac-
ceptable BER of the reference data is 107, the larger the
code weight in the ZMS-VWOOC code, the greater the
allowable transmission data rate (the allowable transmis-
sion data rate for a code weight of 5 is 1 Gbit/s, and the
allowable transmission data rate for a weight of 4 is
0.7 Gbit/s). At the same transmission data rate,
ZMS-VWOOC has better error performance than
VW-MS. (When the transmission data rate is 2.5 Gbit/s,
the BER of the ZMS-VWOOC with a code weight of 5 is
three orders of magnitude lower than that of the VW-MS
with a code weight of 5).

Fig.11 shows the relationship between the number of
users and BER of ZMS-VWOOC with different code
weights when Py, is —10 dBm and the transmission rate are

Optoelectron. Lett. Vol.17 No.9

2 Gbit/s and 3 Gbit/s. In order to represent voice, data and
video, different code weights of 2, 4 and 5 are assigned
respectively. The acceptable BER of reference voice, data
and video are 10, 10° and 107'? respectively. When the
transmission rate is 2Gbit/s, the maximum number of
users that ZMS-VWOOC can support in VW-OCDMA
system is 291, 149 and 129, respectively. When the
transmission rate is 3Gbit/s, the maximum number of
users supported by the code is 249, 123 and 103, respec-
tively. If the number of users required for each service is
not equal, code weight optimization can be performed to
obtain acceptable quality for all services.

Fig.12 shows the relationship between effective power
and BER of different code weights of ZMS-VWOOC and
VW-MS when the number of users is 95, and each user
accesses the medium at a data rate of 622 Mbit/s at the
same time.

100

-
X:53 *,,v*” x:107 .
Y:0.001245 ‘/”MY 0001366

"

L S

N g
.
, .
10 N n
.
.

X:23
7457000 X%

- / /Y:3071009

77777777 /é ;4 xe8 [Tttt
1010 e } Y:2.151e-09 ]

Y:5651e12 |
| . m &
. ZF, xS & =5 DataRete 2Gbys ZVS-WOOC

X:23 Y:6.883e-12 O " w5 DataRate 3Gbps ZMS-VWOOC

Y:2.029e-12 —+— w=4 DataRate 2Gbps ZMS-WOOC | |

+ ,P + w=4 DataRate 3Gbps ZMS-VWOOC
* |
e ;
0 2 40 60 80 100 120
Active Users(K)

X131
Y:0.00111

BER

—#— w=2 DataRate 2Gbps ZMS-VWOOC
#+  w=2 DataRate 3Gbps ZMS-VWOOC
I I

140 160 180 200

Fig.11 The relationship between the number of users
and BER of ZMS-VWOOC with the transmission data
rates of 2 Gbit/s and 3 Gbit/s

00r . ; . T T |
A —
LTS
e *

BER

107 L[ —A— w=52Ms-vWOOC
3 w=5 VW-MS

| \
[|—— w=a zms-vwooc | X 11 | | [ X7

108 L|—e— w=avwvs Y:5.752e-09 | | - 4.908e-09
F|—%— w=22ZMS-VWOOC LJ I
f w=2 VW-MS X 10 \ |
) Y: 4529609 0

-30 -25 —2‘0 —‘5 0 5 1‘0

Effective power from each user:Psr(dBm)
Fig.12 The relationship between effective power and
BER of ZMS-VWOOC and VW-MS under the same
number of users 95

It can be seen from Fig.12 that when the code weight is
5 and Py is greater than —14 dBm, the BER of
ZMS-VWOOC decreases more significantly than that of
VW-MS. This can be explained by the zero
cross-correlation characteristic of ZMS-VWOOC. The
research results show that with the increase of effective
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power, ZMS-VWOOC reduces the BER faster than
VW-MS under the influence of photocurrent noise. The
acceptable BER for the reference data is 10°, and the
effective source powers with code weights of 5,4 and 2 in
ZMS-VWOOC are —11dBm, —10dBm and —7 dBm
respectively. Obviously, the larger the code weight, the
lower the required power value.

This paper proposes a new code ZMS-VWOOC that
uses SAC-OCDMA technology to support multiple QoS.
The design, structure and characteristics of the code are
described, and performance comparisons are made with
similar codes VW-OOC, VW-KS and VW-MS. The
ZMS-VWOOC code has good performance. The results
show that the algorithm design of the code has great
flexibility in the choice of code weight and the number of
users, and can effectively suppress PIIN. With reference
to the allowable BER for voice, data and video services,
when the data rates are 0.622 Gbit/s, 2 Gbit/s, 2.5 Gbit/s
and 3 Gbit/s, it is proved that the number of users sup-
ported by ZMS-VWOOC in the SAC-OCDMA system is
270, 149, 137 and 123, so that it has good adaptability and
flexibility.
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