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We present, for the first time to our knowledge, a new fiber gyroscope scheme based on an optoelectronic oscillator OEO. 
The OEO is modified by adding another fiber loop in such a way that the new scheme is composed of an all optical "AO" 
cavity coupled to an optoelectronic "OE" cavity. The new optoelectronic fiber gyroscope OEFG is capable of not only 
measuring the angular rotation speed but also of determining the direction of rotation which is not possible in existing fiber 
laser gyroscopes without the inclusion of complicated setup. 
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1. Introduction 
 

Gyroscopes are devices designed to measure angular 

velocity. There are different types of gyroscopes, 

mechanical, acousto-optic [8], and optical gyroscopes [7, 

9]. 

Optoelectronic gyroscopes are classified under optical 

gyroscopes.  First, the basic principle of laser gyroscope 

operation is to allow the buildup of laser oscillations in 

clockwise and counter-clockwise directions in the same 

laser cavity. These two sets of laser oscillations should be 

kept uncoupled to ensure having a laser gyroscope capable 

of sensing rotation. Therefore, the lasing condition results 

in two sets of uncoupled modes. The modes separation 

frequency "𝑓𝐹𝑆𝑅" is determined by the cavity loop length 

"L" through the relation 𝑓𝐹𝑆𝑅 =
𝑐

𝑛𝐿
  where n is the laser 

medium refractive index. If the whole system rotates in the 

counter clockwise direction, the path length in the optical 

loop in the clockwise direction is shortened, while in the 

other direction is elongated. The oscillating modes in the 

clockwise direction shift towards higher frequencies but 

those in the counter-clockwise direction shift towards lower 

frequencies. Since these two groups of oscillations mix at 

the photodtector which produces a beating signal whose 

frequency is equal to the shift occurring and this frequency 

is an indication of the angular rotation speed. Changing the 

direction of the rotation causes those modes which 

previously shifted to higher frequencies to shift in this case 

to lower frequencies and vice versa. At the output of the 

photodetector, the frequency of the detected RF signal 

indicates again the angular rotation speed but lacks 

information about the direction of rotation. 

In this single cavity laser gyroscope, the phase 

condition of oscillating modes is given by; 

 

𝜑 =
𝑛𝜔0

𝑐
𝐿 = 2𝑚𝜋                         (1) 

 

where,  is the optical oscillation frequency, and m is an 

integer 
In case of laser cavity rotation, the phase condition 

should be maintained and therefore the oscillation 

frequencies of the laser modes change according to, 

  

∆𝜑 = 0 =
𝑛

𝑐
(𝜔0∆𝐿 + 𝐿∆𝜔)               (2) 

 

From which, 

 

∆𝜔 = −𝜔0
∆𝐿

𝐿
                            (3) 

 

If a laser loop of radius "R" is rotating at an angular 

velocity " " and the optical wave transit time in the laser 

loop is "" where; 

 

𝜏 =
𝑛𝐿

𝑐
                                     (4) 

 

then we arrive at the shift in modes frequencies " "as 

follows,   

 

Δ𝜔 = −
𝜔0Ω𝑛𝐿

2𝜋𝑐
                         (5) 

 
2. Analysis 
 

The idea of the new scheme is completely different 

which is based on strong coupling between the two groups 

of modes (see Fig. 1). 

The new setup consists of two coupled loops [1-6]: 

A. All optical loop, which comprises two optical 

couplers and an optical fiber coil. This passive loop is 

driven by an external laser diode source.  
B. hybrid active loop (optoelectronic) which 

comprises a laser diode source, two fiber couplers, a fiber 

coil, a photodetector, an electronic filter, and a phase 
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shifter. It should be noted that the fiber coil sensing the 

rotation holds a wave propagating in one direction only.  
 

 
 

Fig. 1. Schematic diagram of an OEFG 

 

The beating of the optical cavity modes produced by 

the photodetector results in RF signals at frequencies 

multiples of the modes separation frequency (mfFSR where 

m = 1, 2, 3, ...). The electronic filter is adjusted at one of 

these frequencies (4fFSR in our case). The adjustable phase 

shifter is added to cancel the phase shift produced by the 

electronic amplifier and the filter and to adjust the phase of 

this cavity. The oscillating optical modes are hence 

separated accordingly by 4fFSR and not fFSR due to the filter 

effect (see Fig. 2). As a result of figure (2) the optical 

intensity is in this case modulated at 4fFSR
. 

 

 

 
 

Fig. 2. The modes appearing in dashed lined are not able to 

oscillate due to the electronic filter adjusted in this simple 

example at four times the free spectral range frequency 

 

Why this new configuration is able to sense the 

direction of rotation? 

The case of coupled cavity gyroscope we study here is 

different. The length "L" of the optical loop causes a 

phase, which should be equal to the phase of the hybrid 

optoelectronic loop. Rotation of the setup causes the phase 

seen by the signal in the optical loop to change according 

to, 

 

∆𝜑 =
𝑛𝜔0

𝑐
Δ𝐿                                      (6) 

 

∆𝜑 = 2𝜋𝑛2𝑅𝐿
Ω

𝑐𝜆
                                (7) 

 

Hence the operating RF frequency in the hybrid loop 

should change in such a way to produce a phase shift 

change counteracting that occurring due to rotation in the 

optical loop (since the two cavities are coupled). Biasing 

the electronic system such that the electronic phase 

relation is linear with RF frequency deviation from the 

central frequency makes the OEFG capable of sensing the 

direction of rotation and producing a linear scale factor as 

we will demonstrate below.  

In what follows we will measure the shift in the RF 

frequency produced by rotation. 

 

 
3. Setup 
 

The Optoelectronic Fiber Gyroscope Consists of two 

main parts: 

 Electrical part. 

 Optical part. 

 

The electronic part 

 

The electronic part contains four main components: 

 Band-pass Filter. 

 Amplifier. 

 Phase shifter. 

 Buffer. 

The Band pass filter 

We used the RF LC tunable filter. This type of filters 

offers a high quality factor and in our case it can be tuned 

and adjusted easily in the range 350- 500 kHz 

The non-inverting amplifier, the phase shifter, and the 

buffer are designed using Op-Amp LF 351N. The buffer is 

added to prevent loading effect of the laser diode driver on 

the phase shifter. 

 

The optical part 

 

The optical part contains four main components: 
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 The Laser Diode Driver. 

 Delay line 

 Optical coupler, and 

 Photo Detector. 

The Laser Diode Driver   

The Laser Diode driver acts as an intensity modulator 

at λ=1310nm. 

The Delay Line 

The delay line used is an optical fiber with the 

following parameters: 

 Single mode silica fiber. 

 2500 m long. 

 α=0.35 dB/Km at λ=1310 nm 

  Dispersion: -1.9ps / km.nm 

Optical coupler 

Two 50/50 optical couplers are used. 

The Photo Detector 

The Photo detector used is an InGaAs Amplified 

detector working at λ=700-1800nm. The scale factor of the 

detector is 0.01Volt/µW. 

 
 
4. Experimental results 
 

When first setting up the system we use the open loop 

configuration as shown in Fig. 3, to adjust the input signal 

(from a signal generator) with the output signal to be in 

phase and having same amplitude. After adjusting the open 

loop configuration and getting sure the input and the output 

are the same in amplitude and phase as shown in Fig. 4, we 

close the loop to operate in the closed loop configuration 

and measure the output. 

 

 
 

Fig. 3. The open loop configuration of an OEFG 

 

 
 

Fig. 4. The output from open loop configuration 

 
Without rotation 

 

If this configuration is stationary (without rotation), the 

optical loop oscillates in certain modes. The beating of 

these modes at the photodetector produces RF signals at 

frequencies multiples of the modes separation frequency 

(mfFSR where m = 1, 2, 3 ...) BPF filter selects one of these 

beating frequencies which is adjusted in our case at 4fFSR = 
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468.5 kHz as shown on the RF spectrum analyzer (see Fig. 

5). 

 

 
 

Fig. 5. The RF spectrum of cavity output without rotation  

 
Case of rotation 

 

The output of Optoelectronic Fiber Gyroscope in case 

of counter clockwise rotation (see Fig. 6), where ∆𝑓 =
1050 𝐻𝑧 @ Ω =  4.75𝑜/sec 

 

 
Fig. 6. RF spectrum of cavity output when the setup is  

rotating counter clockwise @ 𝛺 = 4.75𝑜/𝑠𝑒𝑐 

 

The output of Optoelectronic Fiber Gyroscope in case 

of clockwise rotation (see Fig. 7), where                                   

∆𝑓 = −1050 𝐻𝑧 @ Ω =  4.75𝑜/sec 

 

 
 

Fig. 7. RF spectrum of cavity output when the setup is  

rotating clockwise@ 𝛺 = 4.75𝑜/𝑠𝑒𝑐 

 

 

5. Optoelectronic fiber gyroscope parameters 
 
5.1. Scale factor 

 

 
 

Fig. 8. The frequency deviation curve  

 
As a numerical example for the case of our setup 

 

R=0.1 m, =1.3 m, and =4.75
o
/sec, then the shift in 

phase is given by  ∆𝜑 = 0.722 𝑟𝑎d 

 

The scale factor = 1050/4.75=221.1 Hz/(deg/sec)  (see 

Fig. 8).  

Fig. 9 show the scale factor linearity within the 

dynamic range between ±5 deg/sec which shows a good 

linearity in this range. 

 

 
Fig. 9. The Scale factor Linearity curve 

 
5.2. Resolution  

 

According to Fig. 5 the -3 dB bandwidth of the 

photodetector output is around 250 Hz. This bandwidth is 

a combined result of the implemented electronic circuits 

along with that of the optical modes bandwidth. This 

measured bandwidth corresponds to a rotation rate 

 Ω =  1𝑜/sec this can be considered as the minimum 

detectable rotation rate (system resolution). 

Regarding the dynamic range of measured velocities 

of this gyroscope, it is mainly related to the bandwidth of 
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the used electronic parts (the amplifier, the phase shifter, 

and the buffer). 

Phase noise and hence angle random walk of this type 

of gyroscopes is better than fiber laser gyroscopes due to 

the inclusion of a band pass filter [10, 11].  

 

 

6. Conclusion 
 

We have demonstrated a new scheme of an 

optoelectronic fiber laser gyroscope capable of measuring 

the angular speed and identifying the direction of rotation. 

The simple analytic study of the system given is in good 

agreement with the experimental results obtained. To 

increase the scale factor of the optoelectronic gyroscope we 

propose building a new setup with a bandpass filter at a 

higher central frequency. 
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