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Abstract—We demonstrate that direct frequency modulation 

with a pseudo random bit sequence (PRBS) improves the angle 

random walk (ARW) and bias instability (BIS) for a laser-driven 

fiber optical gyroscope over a continuous wave (CW) laser driven 

gyroscope. The PRBS modulation is shown to improve the ARW to 

0.076 deg/hr1/2 and BIS to 2.298 deg/hr compared to an ARW of 

0.172 deg/hr1/2 and BIS of 5.862 deg/hr for the CW case. 
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I.  INTRODUCTION 

MEMS gyroscopes, laser gyroscopes, and interferometric 

fiber optic gyroscopes (IFOG) are among the commercially 

mature and available technologies that are widely used in 

navigation, tactical, and industrial applications. The first 

laboratory demonstration of an IFOG used a laser as the 

source [1]. However, the large coherence length of the laser 

resulted in several parasitic effects that limited the gyroscope 

performance [2]. The invention of the Erbium doped fiber 

ASE (amplified spontaneous emission) source with its broad 

spectrum and low coherence length provided a source that 

addressed these parasitic effects including phase to amplitude 

noise from scattering and improved system performance [2]. 

Current commercial IFOGs utilize super luminescent diodes 

(SLED) or Erbium-doped/ fiber (EDF) based sources. EDF 

based sources generally offer the best performance, but at the 

same time are more costly and difficult to package.  

The use of a laser instead of a broadband source in an 

optical gyroscope can significantly reduce the size, cost, and 

power consumption due to higher wall-plug efficiency. We 

have recently demonstrated an interferometric optical 

gyroscope using a 3 m ultra low loss Si3N4 waveguide coil [3, 

4]. Our goal is to realize a chip-scale gyroscope with Si3N4 

waveguide coil and a hybrid Silicon laser [5]. The challenge in 

using a continuous wave laser is the large coherence length in 

comparison to a broadband source. The long coherence length 

increases the effect of noise sources such as Kerr nonlinearity, 

Rayleigh backscattering and back reflections on the 

performance of the gyroscope. Reduction of the coherence 

length of the laser using frequency modulation (FM) has been 

reported to cause a significant decrease in the effect of these 

noise sources [6]. Our previous work [7, 8, 9] demonstrated 

improvement in both ARW and BIS of gyroscope with an FM 

laser source using single-tone and two-tone modulation 

schemes.  

A substantial decrease in gyroscope errors has been 

reported in [10] using an externally phase modulated laser 

driven by PRBS. In this paper we show that major 

improvements in the IFOG sensitivity and drift can be 

achieved using direct PRBS modulation of the laser over 

single and dual tone modulation without the need for a 

modulator. Use of direct modulation instead of high-speed 

external phase modulation can reduce the cost and power 

consumption of the gyroscope. 

II. EXPERIMENTAL SETUP 

 

 
 

(a) 

 

 
 

(b) 
 

Figure 1: Gyroscope measurement setup using (a) broadband source and 

(b) modulated laser source 
 

 To minimize the effect of thermal transients and 
polarization drift, a 235 m polarization maintaining (PM), 
quadrupolar wound fiber coil with a diameter of ~8 cm was 
used in our gyroscope assembly as shown in Figure 1. The 
polarization of the laser source was optimized (Figure 1 (b))  to 
maximize the power at the detector. We first characterized the 
performance of the gyroscope using a broadband source and 
compared the performance using a temperature stabilized 
Alcatel A1905 LMI DFB laser. The nominal spectral width of 



the laser used was specified as 2 MHz with relative intensity 
noise level at -140 dB/Hz.  

 Coherence length measurements of the laser source were 
performed with an ultra-high resolution (5 MHz) optical 
spectrum analyzer using the technique described in [8]. The 
laser was directly modulated with a PRBS31 sequence (Vp-p = 
1 V) to modulate the laser using an Anritsu MP1763C pattern 
generator. The coherence length of the CW laser was measured 
to be 3.8 m and it decreased to < 80 mm when the modulation 
frequency of the PRBS signal was set to 500 MHz.  The 
modulation frequency range was limited by the bandwidth of 
the RF connections to the laser mount. 

 

Figure 2: Effect of coherence length of laser on angle random walk of the 
gyroscope 

 

 A precision rotation stage was used to calibrate the 
sensitivity of the IFOG and Allan deviation measurements 
were performed with the gyroscope at rest. (Samples were 
collected for 10 mins at 50 samples/sec). Figure 2 shows that a 
decrease in the coherence length of the laser source with 
increasing frequency of PRBS modulation input causes a 
corresponding decrease in ARW of the gyroscope. A similar 
decrease of bias instability was also observed with decreasing 
coherence length. 

 Long term (1 hour) Allan deviation measurements with a 
with CW laser, PRBS direct modulated laser and ASE source 
are plotted in Figure 3. Table 1 summarizes the key parameters 
of these measurements. While PRBS-driven FM laser 
significantly improves the performance of gyroscope when 
compared to the CW case, the impact of residual errors related 
to drift and back scattering still cause the broadband source to 
outperform the laser driven gyroscope. This can be improved 
further by employing a closed loop gyroscope configuration.  

III. FUTURE DIRECTIONS AND CONCLUSION 

 As pointed out in [10], the effect of modulation on 
performance of a FM laser gyroscope depends on the 
correlation between side bands of the modulated laser. 
Accordingly, a higher speed RF modulation which makes the 
side bands uncorrelated will help us achieve better sensitivity 
and drift. The performance can be improved further with the 

use of hollow-core fiber [11] to reduce the impact of parasitic 
noises such as Shupe effect, and Kerr effect, increase of coil 
length and area. Optimization of modulation depth, and the use 
of other modulation signals such as additive white Gaussian 
noise can help in achieving better ARW. 

  

Figure 3: Comparison of performance of gyroscope driven using CW laser, 

FM laser, and a broadband source 

TABLE I.   

Optical source Modulation parameters 
ARW 

(deg/hr1/2) 

BIS 

(deg/hr) 

Broadband source N/A 0.026 0.177 

CW laser N/A 0.172 5.862 

PRBS FM laser 300 MHz, 424 mV (p-p) 0.076 2.298 
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