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An electric encoded/optical transmission system of code division multiple access (CDMA) is proposed. It encodes the 

user signal in electric domain, and transfers the different code slice signals via the different wavelengths of light. This 

electric domain encoder/decoder is compared with current traditional encoder/decoder. Four-user modula-

tion/demodulation optical CDMA (OCDMA) system with rate of 2.5 Gbit/s is simulated, which is based on the optical 

orthogonal code (OCC) designed in our laboratory. The results show that the structure of electric encoding/optical 

transmission can encode/decode signal correctly, and can achieve the chip rate equal to the user data rate. It can over-

come the rate limitation of electronic bottleneck, and bring some potential applications in the electro-optical OCDMA 

system. 
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Optical code division multiple access (OCDMA) is a 

new combined technology of optical communication and 

electric CDMA technology. OCDMA is a good choice 

for broadband networks and LAN in the future[1,2]. 

With the development of fiber Bragg grating (FBG) 

and some optical devices[3,4], the OCDMA attracts much 

attention, but study on the practical methods is slow. The 

codec is designed by optical devices[1,2,5,6], which results 

in bad flexibility, and the beat noise and multi-site inter-

ference based on the traditional codec technology are 

serious problems[7-9]. Due to the faster processing speed 

in electric domain, a new technique which applies 

CDMA to electric domain and communicates via optical 

fiber begins to get attention[10,11]. In 2009, J. B. Rosas 

Fernandez[10] designed an electric CDMA (ECDMA) 

codec by Fourier infrared (FIR) transversal filters to 

make ECDMA communication experiment with trans-

mission speed of 1.25 Gbit/s. In 2010, Yasuhiro Kotani et 

al[11] proposed an electrical domain processing code divi-

sion multiplexing (ECDM) passive optical network 

(PON) system structure, and achieved eight-user 

1.25-Gchip/s downstream transmission system experi-

ment using a code length of 8 Walsh codes. But the limi-

tation of electronic bottleneck leads to a series of prob-

lems. On account of above situations, researchers have 

developed a plan of spatial encoding. Because of 

high-speed optical switch array and laser array, it is a 

huge challenge for cost[12,13]. 

A method for encoding signals in electric domain is 

proposed in this paper. It applies amplified spontaneous 

emission (ASE) broadband source, fiber Bragg gratings 

(FBGs), programmable logic devices and optical or-

thogonal code (OOC) designed by our research group in 

simulation[14], and proves the performance of the four-  

user 2.5 Gbit/s system. 

Electric codec solves the system’s beat noise and mul-

tiple access interference (MAI) noise, but electronic bot-

tleneck limits its application in OCDMA. This paper 

designs a scheme in spectral domain with encoding sig-

nals based on multi-step amplitude in electric domain. 

Fig.1 shows the structure of transmitting terminal. The 

user’s address code is (L, ω, 1), where L is address code 

length, ω is code weight and 1 represents correlation 

coefficient. N uncoded user signals are converted to L 

coded signal chips via electric encoder, and the chips 

enter the optical coupler through L optical intensity 

modulators (IMs). In transmitting terminal, ASE broad-

band light source transforms into L single-wavelength 

light sources by FBGs, and encoded signals modulate 

light sources in optical IM. Optical encoded signal 1, 

optical encoded signal 2, …, and optical encoded signal 

L are generated. 

Fig.2 displays the theory of electric encoding in four 

users. At transmitting terminal of encoder, binary data 

from user Rj (1≤j≤N) are assigned to the L parallel multi-

pliers via power divider, and then are multiplied by ad-
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dress code chips of user Rj, so we can get encoded chip 1, 

encoded chip 2, …, and encoded chip L. The kth encoded 

chip (1≤k≤L) from every user is assigned to the kth add-

ing device to get encoded signal. If binary data are rep-

resented as Dn(t), the output encoded signals can be cal-

culated as 
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where Dn(t) is user’s signal, Cn,k is the kth multiplier cor-

responding to the nth user’s encoder (k=1, 2,…, L), and 

N is the number of total users. 
 

 

Fig.1 Schematic diagram of OCDMA transmission system 

based on electric domain  
 

 

Fig.2 Electric encoding of four-user system 
 
In receiving terminal, the electrical domain decoder is 

the core component of the system. The plan decodes 

signals by the theory of balanced detection. Firstly, the 

compound signals decompose into the optical signals 

with wavelengths of λ1, λ2,…, λL through optical wave-

length division multiplexer (WDM). Then photoelectric 

detector translates the optical signals into L electrical 

signals, which can be decoded by related user’s address 

code. 

The user’s address code Xj=(x1, x2, …, xL)j controls the 

output of L electrical signals to regain data of user Rj. At 

first, the kth electrical power signal (1≤k≤L) is divided 

into two parts, the first part is multiplied with the kth 

user address code to get branch signal k.1, and the sec-

ond part is multiplied with the kth user address code’s 

complement 
k
x (

k
x =1–xk) and attenuation coefficient α 

to get branch signal k.2. According to the principle of 

balance detection, in order to eliminate interference from 

other users, take α=λ/(ω–λ), and signal k.1 takes away 

signal k.2, leaving the kth decoded chip signal. 

The L decoded chips add to each other in multipliers, 

and we can get the decoded chip power of user Rj, so the 

signal of user Rj can be regained from weighted multi-

plier. If the power of electrical signal is RXk, the decoded 

signal of user Rj can be considered as 
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The user’s address code in this paper is OCC with ex-

cellent performance, and it is designed by our team. The 

user’s address code is characterized by the following 

parameters (L, ω, λ), where L is the length of the code, ω 

is the weight of the code, and λ is the auto-correlation 

constraint. 

Fig.3 shows the structure of experimental system. The 

ASE broadband source and a cascade of FBGs generate 

L single-wavelength light source pulses, and then the 

encoded signals modulate the light source pulses to pro-

duce optical encoded signals. The power of light pulse is 

0 dBm. The modulated light signals are merged by opti-

cal coupler, amplified in erbium-doped fiber amplifier 

(EDFA), and transferred by optical fiber. We can separate 

the light encoded signals from WDM, and regain the 

encoded signals from optoelectronic detector. Then the 

encoded signals are decoded by electric decoder, and in 

the end the user’s signal is regained from weighted mul-

tiplier. 

 

 

Fig.3 Schematic diagram of the experimental system 

 

This experiment simulates a four-user system, whose 

address code is OOC of (13,4,1,1) designed by our re-

search group, and the data streams are (1,0,1,1,0,0,1), 

(1,1,0,1,0,1,0), (1,1,1,0,1,0,0) and (0,1,0,0,1,0,1) with 

data rate of 2.5 Gbit/s, respectively. The four users’ ad-

dress codes are (1,2,4,10), (3,4,6,12), (1,5,6,8) and 

(2,6,7,9), respectively. 

At the sender, single-wavelength light sources are 

modulated by the 13 encoded signals in order. According 

to the encoding method, the first user’s 13 coded signals 
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are 2,1,1,2,1,2,0,1,0,1,0,1,0, 7 codes of the first encoded 

signals are 2,1,2,1,1,0,1, and then we can deduce the 13 

encoded signals of 7 codes. At the receiver, we decode 

the code of user 1, and the address code is (1,2,4,10), that 

is (1,1,0,1,0,0,0,0,0,1,0,0,0). According to Eq.(2), we can 

regain (1,0,1,1,0,0,1). In other words, the whole signals 

of user 1 can be renewed. Likewise, the remaining 3 sig-

nals can be also regained in this way. 

The simulation selects the non-return-to-zero (NRZ) 

code as user’s code, and Fig.4 shows the data of four 

users which are the waveforms at point A in Fig.3. The 

signals are sent periodically. Electrical encoded signal 1 

and optical encoded signal 1 (2,1,2,1,1,0,1) shown in 

Fig.5 are the waveforms at point B and point C in Fig.3, 

respectively, which match the theoretical values perfectly. 

 

  
(a) User 1                   (b) User 2 

  
(c) User 3                    (d) User 4 

Fig.4 Data signals of four users  

 

  
(a)                          (b) 

Fig.5 Waveform diagrams of (a) the coded signal 1 

and (b) intensity-modulation coded signal 1 

 

Fig.6 shows the 13 encoded signal waveforms by op-

tical coupler, corresponding to the waveform at point D 

in Fig.3. After 50 km optical fibers and amplified by 

EDFA, the 13 encoded signals are renewed by WDM, 

and then related encoded signals are restored through 

optoelectronic detector. In Fig.7, the encoded signal 1 

corresponds to the waveform at point E in Fig.3. Com-

pared with the signal in Fig.5(b), in the transmission of 

signals, due to the losses brought by coupling and chro-

matic dispersion, there are some distortions and burrs in 

Fig.7. Besides, EDFA and dark current from photoelec-

tric detector can also amplify the noises. Above factors 

all have inestimable effects on the signals. 

 

 

Fig.6 Waveform synthesis diagram of 13-channel in-

tensity-modulation coded signal 

 

 

Fig.7 Waveform diagram of encoded signal 1 restored 

through optoelectronic detector 

 

Users’ signals can be regained by electric decoder and 

weighted multiplier. In Fig.3, the decoder recovers the 

address codes from every user, and then users can regain 

the related signals. The waveform diagrams of four users 

corresponding to point F in Fig.3 are shown in Fig.8.  

 

  
(a) User 1                   (b) User 2 

  
(c) User 3                    (d) User 4 

Fig.8 Decoded waveform diagrams of four users 
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Comparing Fig.4 with Fig.8, we find that the encoded 

signals accord with the original signals in general, i.e., we 

decode the data correctly. In addition, there are some distor-

tions and the power becomes smaller in Fig.8, which result 

from many factors, such as transmission loss, fiber disper-

sion and EDFA. Insertion loss from devices, reflection loss 

from FBGs and dark current from photoelectric detector 

also influence distortion and damping. 

In traditional ECDMA technology, the data speed 

(chip speed) can be calculated by multiplying transmis-

sion speed and code length. Code length is the number of 

usable chips, and it also determines the number of users 

in system. Since ECDMA program is a direct extension 

of the time domain, the rate of electrical domain codec 

must exceed the slice rate, but the processing speed of 

electric field limits the slice rate. If we increase the code 

length for much more users, the speed of transmission 

will be limited. Therefore, speeding up the electric codec 

is the key of ECDMA. This scheme encodes the user 

signal in electric domain, optical signals with different 

frequencies transmit different encoded chips, so in other 

words, the electrical signal is expanded in frequency 

domain. The data speed equals the chip speed in this 

scheme, so speed bottleneck in electric domain can be 

overcome properly, and the transmission speed can be 

improved. 

In this paper, OOC of (13,4,1,1) designed by our re-

search group is applied to codec, and the relevant theory 

is verified by simulations. In the case with the speed of 

user of 2.5 Gbit/s, electric codec can code and decode 

signals correctly. Finally, electronic bottleneck can be 

overcome by theory analysis, and this plan is available 

for OCDMA. Due to the electric codec technology, the 

programming for this experiment is a good choice. For 

example, we can use field programmable gate-array 

(FPGA) because of its powerful parallel processing ability. 

What’s more, the collocation of FPGA is flexible so that it 

has strong reconfiguration and enormous potential appli-

cation value in OCDMA electro-optic codec technology. 
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