
Performance Modeling of a Diode-Laser-Based Direct Detection Doppler 
Lidar 

Kevin S. Repasky1, Owen Cruikshank2, and Luke Colberg3  

(1) Electrical and Computer Engineering (ECE) Department, Montana State University, Bozeman, MT, 
USA, E-mail: repasky@montana.edu 

(2) ECE Department, Montana State University, Bozeman, MT., USA, E-mail: 
owen.cruikshank@student.montana 

(3) ECE Department, Montana State University, Bozeman, MT., USA, E-mail: 
luke.colberg@student.montana.edu 

     Winds play an important role in many atmospheric phenomena such as convection, 
turbulence, and instability.  They also influence the coupling of the lower atmosphere and the 
underlying surface through momentum and energy transfer and the mixing and transport of trace 
gas constituents and aerosols.  The ability to measure atmospheric winds is important for 
understanding the state of the atmosphere and can lead to an improved understanding of both 
atmospheric dynamics and climate processes.  Furthermore, the ability to measure and assimilate 
winds using a ground-based network of instruments can improve the predictive capabilities of 
numerical weather forecasting. 

     Researchers at Montana State University (MSU), in collaboration with researchers at the 
National Center for Atmospheric Research (NCAR), are developing diode-laser-based (DLB) 
micro-pulse DIAL (MPD) instruments for thermodynamic profiling of the lower 
atmosphere.  Water vapor, aerosol, and temperature profiling have been demonstrated with the 
MPD instruments capable of long-term unattended operation in a networkable 
configuration.  The flexible architecture and spectral availability of the DLB instrument 
architecture provide opportunities to develop additional remote sensing capabilities for the MPD 
network. 

     In this presentation, a design for a direct detection Doppler wind lidar based on the DLB 
instrument architecture will be presented.  A retrieval of the radial wind velocity that takes 
advantage of the ancillary measurement of the aerosol backscatter provided by a DLB high 
spectral resolution lidar (HSRL) will be discussed.  Finally, results of the performance modeling 
of the proposed instrument will be presented.  This performance model includes the major 
sources of error such as Poisson noise, laser stability, and stability of the frequency discriminator 
in the optical receiver.  Modeling indicates that radial velocity can be retrieved with an error of 
less than 0.55 m/s below 4 km with a 150 m range resolution and an averaging time of five 
minutes.   
 


