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LONG-TERM GOALS 
 
The long-term goal of this project is to derive a general and comprehensive algorithm to calculate a 
scalar image metric which will help quantify the performance of emerging laser-based imaging 
systems in the highly variable optical littoral environment. After validation, this image metric will then 
be used to assist in mission planning by providing up-to-date maps of the expected system 
performance for each of these imaging platforms along littoral routes and areas of interest to the Navy. 
 
OBJECTIVES 
 
The objective of this project is to develop a scalar image metric based on the optical properties of the 
water column at the time a laser-based imaging system is deployed. The desired image metric should 
incorporate the deleterious effects on imaging due to the optical environment such as forward 
scattering, backscattered light and, as in the case of the Streak Tube Imaging Lidar (STIL), shot noise 
image corruption caused by low signal return. Another objective is to incorporate system-based loss of 
information into the image metric, such as that due to increasing either the size of the pixel footprint on 
the scene to be imaged or the laser spot size for the case of the Laser Line Scanner (LLS).  
 
APPROACH 
 
The performance of a laser-based imaging system depends both on the properties of the water column 
in which it is immersed and on adjustable system variables such as source and receiver parameters. 
These systems output a 2-D image of the ocean floor and performance models already exist which can 
simulate the expected imagery and display it on a monitor. Most of these models use the Modulation 
Transfer Function (MTF) to simulate the predicted imagery. From Fourier theory, clear 2-D images 
can be decomposed into the sum of sinusoidal radiance patterns at many different frequencies. The 
MTF contains information about how much each of these sinusoidal patterns of radiance is attenuated 
by the optical environment and by the system characteristics. The attenuated sinusoidal patterns of 
radiance are then recombined to produce the expected 2-D imagery. 
 
What is needed for mission planning, however, is to develop the capability for these MTF-based 
performance models to associate a number, a scalar image metric, to the expected quality of the 
imagery output from a system. Ideally, this number should follow a scale from 0.0 to an arbitrary 
maximum for “crystal clear imagery”.  

 1 

mailto:wmcbride@nrlssc.navy.mil


Report Documentation Page Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number. 

1. REPORT DATE 
30 SEP 2008 

2. REPORT TYPE 
Annual 

3. DATES COVERED 
  00-00-2008 to 00-00-2008  

4. TITLE AND SUBTITLE 
MTF-Derived Image Metric For The Performance Of Laser-Based
Imaging Systems 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
Planning Systems Incorporated,MSAAP Bldg 9121,Stennis Space 
Center,MS,39529 

8. PERFORMING ORGANIZATION
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release; distribution unlimited 

13. SUPPLEMENTARY NOTES 
code 1 only 

14. ABSTRACT 
The long-term goal of this project is to derive a general and comprehensive algorithm to calculate a scalar
image metric which will help quantify the performance of emerging laser-based imaging systems in the
highly variable optical littoral environment. After validation, this image metric will then be used to assist in
mission planning by providing up-to-date maps of the expected system performance for each of these
imaging platforms along littoral routes and areas of interest to the Navy. 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 
Same as

Report (SAR) 

18. NUMBER
OF PAGES 

3 

19a. NAME OF
RESPONSIBLE PERSON 

a. REPORT 
unclassified 

b. ABSTRACT 
unclassified 

c. THIS PAGE 
unclassified 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 



The approach here is to use the shape of the MTF curve as an indicator of the quality of the expected 
imagery. The MTF is a sensitive function of spatial frequency and depends on optical properties of the 
water column such as the scattering coefficient, the mean scattering angle and the backscatter 
coefficient (see reference 1). Its shape also depends on the characteristics of the imaging system itself: 
its overall design, source beam spot size and receiver field of view (see reference 2). The MTF is also 
ideal for mission planning since it can quickly be evaluated over the range of spatial frequencies 
allowed by the imaging system. 
 
As has previously been done in the past (see references 3 and 4), the area under the MTF curve 
(MTFA) can be used as a scalar image metric. Our approach is to refine the simple MTFA 
methodology of the past in several significant ways. First, a more exact expression for the combined 
effect of forward scattering and backscattering will be derived. Second, the threshold contrast function 
of the eye will be incorporated into the calculation of the area. Third, an interactive study of the effect 
of shot noise on the interpretation of system imagery will be performed and the results included as a 
reduction in the value of the area under the MTF. It is expected that this improved MTFA calculation 
will provide a scalar image metric sufficiently representative of predicted imagery that it can be used 
for quick, efficient mission planning. 
 
The above MTF dependence on both the optical environment parameters and system characteristics 
therefore make it a logical choice and basis for the development of a scalar image metric. Once the 
algorithm to predict this metric has been developed, a study of its correlation with predicted imagery 
can be made. From this study, a threshold value can be established below which very poor imagery is 
expected. In operational scenarios, the image metric can be calculated in situ and a “go/no-go” decision 
can be made for system deployment, depending on the predicted value for the image metric under 
given optical conditions and “flying” altitude. 
 
WORK COMPLETED 
 
At this time, the project is on schedule. Presently, the metric incorporates the effects of the optical 
environment: forward scattering, mean scattering angle and backscattering and has been scaled from 
0.0 to 1.0, although it is a simple matter to adapt it to any other scale, if needed. The MTF curve 
represents the effect of the environment and is calculated from the cascading property of the MTF: 
 

ringbackscatteringforwscattetenvironmen MTFMTFMTF = , 
 
where   is the MTF due to forward scattering, which depends on the mean scattering 
angle and scattering coefficient;  is the MTF due to backscattering and depends on the 
ratio of the average image radiance and the backscattered radiance. The backscattering acts as a 
uniform veil over the image and its effect is best illustrated when one turns on the lights in a movie 
theater, thereby reducing the overall perceived contrast of the image on the screen.  

ringforwscatteMTF

ringbackscatteMTF

 
In order to check whether the value of the scalar image metric changes in a consistent manner as the 
scattering characteristics of the water column change over their respective ranges of values, an 
interactive GUI was created. It contains a 2-D reference image with very fine detail which is blurred 
with the help of the MTF (see reference 5) and serves as a visual check on the correlation between the 
degradation of the image and the scalar image metric value associated with that degradation. 
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RESULTS 
 
Preliminary results from using the interactive GUI for the image metric due to only forward and back 
scattering have been obtained. These indicate that the scalar image metric derived from the MTFA 
varies in a consistent manner and in direct correlation to the visually observed image degradation, as 
expected.  
 
IMPACT/APPLICATIONS 
 
The successful development of a scalar image metric to quantify imaging system performance will 
allow for efficient mission planning along pre-selected routes and transects in the littoral regions.  
 
TRANSITIONS 
 
None 
 
RELATED PROJECTS 
 
This project is directly related to predicting the performance of emerging laser-based imaging systems 
such as the Laser Line Scanner (LLS) and the Streak Tube Imaging Lidar (STIL). 
 
REFERENCES 
 
1. W.H. Wells, “Theory of Small Angle Scattering”, AGARD Lecture Series No. 61, Sec. 3.3, 1973. 

2. Mertens, L.E. and Replogle Jr., F.S., “Use of point spread and beam spread functions for analysis 
of imaging systems in water”, J. Opt. Soc. Am., Vol 67, No. 8, pp. 1105-1117, (1977). 

3. Holst, G.C.,  Electro-Optical Imaging Performance, SPIE Press, JCD Publishing, (1995). 

4. Kopeika, N.S., A System Engineering Approach to Imaging, SPIE Optical Engineering Press, 
(1998). 

5. McBride, W.E. III and Weidemann, A.D., “Realistic Simulation of Optical Environmental Effects 
on Visibility and Imaging”, paper presented at Stennis Technology Millennium Update, Stennis 
Space Center, MS, (September 2000). 

 
PUBLICATIONS 
 
None 
 
PATENTS 
 
None 

 3 


