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Design of EDFA Gain Controller based on
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Abstract—Based on a theoretical erbium-doped fiber amplifier The experimental results of the DOB scheme redibed
(EDFA) model, we have proposed an application aftudbance gain-transient time to less than.80
observer(DOB) with proportional/integral/differesi(iPID) controller
to EDFA for minimizing gain-transient time of waeelgth
-division-multiplexing (WDM) multi channels in og&l amplifier in Il. DESIGN OFEDFA CONTROLSYSTEM
channel add/drop networks. We have dramaticallyuced the To design EDFA gain controller to minimize the gain
gain-transient time to less thani@@c by applying DOB with PID transient-time, we used two level model of EDFA.[%he
controller to the control of amplifier gain. Theoppsed DOB-based diagram of energy level of EDFA is shown in FigThe

gain contro_l algorithm for EDFA was implementt_echaﬁgital control equations for two-level process are explainedimaper. The

system using TI's DSP(TMS320C28346) chip and erpEmtal —,mper of jons at each state in Fig.1(a) is desdrty eqgn. (1).

results of the system verify the excellent perfaroeof the proposed N
2

gain control methodology. G- TNz (N1o§ = N2o§)@s - (Noof -Nio )y, (1)
Keywords—EDFA, Disturbance observer, gain control, WDM.
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) whereq,, @, are photon flux densities per second of a signal a
N WDM network, the power level of each channel iDW a pump, &, & o, o, are absorption and emission cross
should be unchanged when channel add/drops oreact¥action of a siénal and a pump'€c+a?). Ny, N, are the

rearrangements of network occur. Keeping the sigaalers to  ,umber of erbium-ions at each levisEN; +N,=1).
a constant value is more important when the sigmraks dPs

amplified through EDFAs. At the EDFA, the changetioé szrsg’\‘f”g)':s ©)
number of signals causes the change of the amptjian of

each signal due to the cross gain saturation gff¢ctherefore, dP, . .

there are fluctuations of power level in each cleirwhich szrp(UpNZ_Jp)Pp 4)
results in the gain-related error at the receiv€csavoid this P, is the power of the signal and the purpgs an erbium
effect, several methods have bee_n dev_eloped. Ot!hemfuses density, andr's,p is the geometric correction factor for the
EDFA output as a feedback signal in an optical beell o erjap between the power and the erbium-ions.

control loop [2], The all-optical scheme has a dragk; the

frequency of channel add/drop should be less thandf the Level 3
relaxation oscillation frequency of EDFA, which $gveral \

I. INTRODUCTION

hundred Hz. On the other hand, the mostly usedisren
electrical scheme which controls the pump laserpwut (evel2 Level 2
electrically according to EDFA output signal lej@]. This is a
generally accepted method in industry due to itgo8, cheap Pump signal pump signal
and robust architecture. In the previous papeil[#6& propose
a novel technique which minimizes the gain-trarsittme
effectively. In our method, we applied a disturbambserver  Level1 Level 1
(DOB) technique [6-8] with a proportional /inteddifferential @ ()
(PID) controller to the control of EDFA gain in WD&Id/drop (a) two-level model (b) three-levebde!
networks. In this paper, the theoretical design tbé Fig. 1 Two level model of EDFA
gain-clamping system for EDFA based on a mathewmatic
model is proposed and the experimental results ravep
feasibility of that scheme is also shown. By using eqn (3-4), and relation$=0°+0? N=N;+N,=1, eqgn.
(1) is changed into the following equation.
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N
Mz o Nz L3R (6)
k=0

where k = 0 means the pump, anell/ ;. We use a reservoir

r(t) that represents the number of excited erbium-flavel
2).

L
r(t) = pAJ.ONZ (z,t)dz )

wherelL is the length of the erbium-doped fiber afvds the
cross-section area of erbium-doped fiber core. rBggrating
eqgn.(6) according to the whole length of EDF, we @htain the
following equation.

L L N
dN» 1J‘ J‘&F’k
Al —=dz=-= Nodz - —d 8
o e TpAozsz(:)ozZ (8)

By using definition (7), eqn. (8) is rearrangediegn. (9).

N
ar) __r® , (4_ Go® pin _ G \pin
o ¢ +(1 eCo ]PO (t)+kZ;(l eCx ]Pk ® (9

whereGg(t) = In(P™/Py"), G(t) = In(P"/P™).
In egn. (3), changing s into k for k-th channeljiding by R
and integrating through the length of EDF, we chtam the
gain equation of channel k.
I'ka;fr(t)

A

By the following definitions, the eqn. (10)dsanged into
eqgn. (12).

In P —In RN = - koL (10)

out r JT

G =i, B =k A =odL (11)
R A

Gy (t) = Byr (t) - Ac (12)

Thed(t) is defined by Eq. (13).

N
d = > ORNM + Y (1-e%O Jp) (13)
k=1
The schematic diagram of the system is shown inZigve
consider the random add/drop process as a distteb@ft) in
Fig. 2), and make the pump laser be preparedsalisiurbance
in advance so that the dips & spikes of other chbBsn
fluctuation become minimized when the actual cdntaties
place.

EDF,
WDM
daty signals G(t)

-

Disturbance Observer "7

Fig. 2 Disturbance observer with PID controller EBDFA gain

control
= _Gk(s) -_Bx 14
{(RI(9+ds) s+V7 =
Wp(s+Y1)
- “hG*HYD 15
A @ + s+ ad) 4o
_ B(RM(9)+d(s)
G(9) =—— 22— (16)

The disturbance observer obtains the differendevdsn
G (t) andGy(t), and the filterq(s) producesd@) from the

difference andd@) information is added to the pump laser
driver so that EDFA becomes able to eliminate tfiece of
disturbance on the gain. The equation for the &ibtroller is
described in eqgn. (17).

C(s):Kp+K—S'+de a7

PID controller is used together with the disturbmobserver
to control the gain far more accurately and to dpep the
control process. The major gain control due taitnghannel
variations is performed at the disturbance obsdingtr and the
fine tuning of gain control is accomplished at tR¢D
controller.

Ill. EXPERIMENTAL RESULTS

In the experiments, the wavelength of the pump Lise
980nm and its maximum output power is 200mW. Asais,
two channel signals with 1550nm and 1560nm waveélengre

applied to the system

In the experiments, the desired channel 1 sigrialigaet to
9.3068. Fig. 3 shows the graphs of the gain of bk signal

In Fig.2, transfer functior(s) represents nominal EDFA with 0.25mW signal power and the pump power whHamaoel

plant model with no disturbance amgs) is a filter which
makes the characterisitics of transfer function wafiole
disturbance observer be the same as low-pass fifey is the
gain with a disturbance, i.e. the channel variatigg) is the
gain without any disturbance. Eq. (14-16) describe

2 signal is added. Note from (a) of Fig.3 that dhannel 1
signal gain is recovered to the desired one, 9i8timB0usec.

From (b) of Fig.3, it can be noticed that theasly state
pump power is increased in order to recover thaaed gain to
the desired one. Pump power is 90mW before thamdl 2
signal with 0.25mW signal power is added. After ratel 2

functions P(s), Q(s), &s). In this paper, we do not explain thesjgnal is added, the pump power is abruptly in@eds about

paramters of the equations and do not derive thmt®ons
because these are well-known in the EDFA and theralo
theory.
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200mW in order to recover the reduced channel ggisoon as
possible. The steady state pump power is incre@msgtiomw

to compensate the effect of the channel 2 addition
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Fig. 3 Experimental results in case of channeb®adi addition
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Finally, the performance was compared in Fig. 4/ben PI
control alone(blue line) and PI control with DORdrline). As
shown in Fig. 4, the performance of Pl controlhwROB is
much better than PI control alone. This is becdlbsechannel
add/drop signal is estimated and fed forward as ssachannel
add/drop occurs. The gain fluctuation is compemnkagzy fast
and the settling time was reduced to about 30usetpared
with 80usec of PI control alone
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Fig. 5 Performance Comparison between Pl and PI+DOB

IV. CONCLUSION

of a disturbance observer and a Pl controller. Alelapplied a
diturbance observer to detect and compensate thegaation
due to channel add/drops. While the major compensatf
gain is performed by the disturbance observerfitigecontrol
process for exact gain recovery is done by Pl ofletr The
proposed gain control algorithm for EDFA was dilijta
implemented by TMS320C 28346 DSP and the performanc
has been verified by experiments. Experimentallteshow
that the Pl contol with DOB decreases the amount of
gain-transient time up to less thany88c while the settling
time was 8Qsec in case of PI control alone. DOB technique
seems to be effective in Channel add/drop compensat
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In this paper, we showed a technique to minimize

gain-transient time of WDM signals in EDFA in chahn
add/drop networks. The proposed gain controlleoimposed
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