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Problem areas in future IRST’s

· signal strength as function of range, 

target- and sensor height and profile 

    in boundery layer, including molecular 

    extinction, aerosols and refraction

· atmospheric inhomogeneities along 

    the path, effects of local clouds

· statistics of scintillation in various 

    boundery layer conditions (climate, 

    time of day, height)

· effects of wind, waves and coast on 

    scintillation

· prediction of detection range and probability 

for a given target and sensor suite

· magnitude of background radiance, 

including beam and cloud/haze scatter, 

reducing target contrast

· magnitude and frequency of occurrence 

    of clutter effects (birds, coast, glints, traffic)

Objectives of RED participation by 

TNO- IR sensors group

· collection of data with high resolution

TV camera on refraction effects in a 

well instrumented, tropical environment

· collection of data on transmission and 

scintillation with IR camera at various 

    heights on calibrated sources on FLIP

· validation of models, predicting 

transmission, scintillation and blur

· investigation of  possibility of 

transmissometry with portable set-up, 

using calibrated imagers and wide beam 

sources
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figure 1;
Map of East Coast of Oahu with location of FLIP and TNO sensor 
positions; mountain height in ft; water depth in fathoms (1 fath+6 ft).
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Figure 2 Deckside drawing of FLIP with location of TNO sources.
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Figure 3:  Picture of visual source just above the living deck at 9,95 m above m.s.l.
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figure 4: Picture of IR source just below the living deck at 8,7 m above m.s.l.
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Figure 5: Picture of pyramid rock
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Figure 6: Sensor on Pyramid Rock; left Celestron with CCD right  Milcam XP with 
100mm lens
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                                                      Figure 7: Sensors at Kaoio Pt along Hwy 83
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                                                                     Figure 8: Sensors at MCBH on bunker
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       Figure 10: IRBLEM prediction of reflectance versus sensor height (Kaoio Pt)
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figure 12: MILCAM XP relative spectral response and source spectral emission.
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Figure 14: RED imagery    a,b,c: 
27/08 ~ 08,15 local time CCD-NIR; 1250 mm lens; 16,4 km
                                At short time intervals Sensor height 3,7 m Source height 9,95 m

                                                d:    28/08 ~ 9.25 local time CCD-NIR; 1250 mm lens; 25.6 km 
                                  Sensor height 25,6 m Source height  9,95 m

                                              e,f:   29/08 ~ 10.00 CCD-NIR;1250 resp. 400 mm lens; 16.4 km 
                               Sensor height 4,3 m Source height 9,95m
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Figure15: 
RED imagery-4 September ~ 07,45 local time ; FLIP at 16,4 km; source at 9,95 m height;Sensor at various heights  CCD-NIR 400mm lens

Table 1 List of geographic positions of TNO sources and sensors

Station
Longitude 
Latitude
Range

FLIP

Kaoio pt

Pyramid Rock

Bunker 
157°50,081¹ W

157°50,378¹ W

157°45,847¹ W

157°45,847¹ W
21°40,999¹ N

21°32,137¹ N

21°27,707¹ N

21°27,329¹ N
16,4 km

25,6 km

26,3 km

Table 2 Sensor heights for geometrical horizon vision (no refraction)



Visual source
IR source

sensor station
No.
No waves
Wave 0,5 m
No waves
Wave 0,5 m

Kaoio pt

Pyramid Rock

Bunker


A

B

C


2,08 m

     16,17  

     17,78 


2,32 m

         16,82 

     18,47 


2,71 m

     17,86 

     19,56 


3,00 m

     18,59 

     20,31 



Table 3 List of data  collected during RED with TNO cameras

Local
UTC
Location 
Cameras
NPS data (prel.)
TNO(FLIP)

Date
Time
Date 
Time

CCD 0,4
CCD 1,25
IR
Ta (°C)
RH%
ASTD(°C)
4 µm aerosol ext. (km­¹)

26/8

26/8

27/8

27/8

28/8

28/8

28/8

29/8

29/8

29/8

30/8

308

30/8

31/8

1/9

1/9

2/9

2/9

3/9

3/9

4/9

4/9

5/9

5/9

6/9
09.40

19.40

08.30

18.30

06.00

14.30

20.00

06.00

18.30

22.00

06.30

17.00

23.00

07.00

07.00

19.00

07.00

19.00

07.00

19.00

07.00

19.00

07.00

18.30

06.00
26/8

27/8

27/8

28/8

28/8

29/8

29/8

29/8

30/8

30/8

30/8

31/8

31/8

31/8

1/9

2/9

2/9

3/9

3/9

4/9

4/9

5/9

5/9

6/9

6/9
19.40

05.40

18.30

04.30

16.00

00.30

06.00

16.00

04.30

08.00

16.30

03.00

09.00

17.00

17.00

05.00

17.00

05.00

17.00

05.00

17.00

05.00

17.00

04.30

16.00
A

A

A

B

B

B

C

C

C

C

C

A

C

A,C

A,B,C

A,B

A,B

A,B,C

A,B,C

A,B,C

A,B,C

A,B,C

A,B,C

B,C

B,C
+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+
+

+

+

+

+

+

+

+

+

+

+

+

+


+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+
25,8

25,8

25,3

26,6

26,0

26,6

26,1

26,1

26,3

26,2

26,0

26,0

25,5

25,7

25,8

25,9

25,6

25,8

25,5

26,0

25,9

25,8

25,9

26,0

25,
75

80

86

89

86

82

84

85

78

80

80

79

85

83

76

77

76

77

73

75

75

76

79

80

77
-0,5

-0,8

-1,3

-0,2

-0,7

-0,4

-0,8

-0,7

-0,7

-0,6

-0,7

-0,8

-1,1

-0,9

-0,6

-0,6

-0,7

-1,1

-1,2

-1,1

-1,0

-1,3

-1,1

-1,0

-1,2
0,01

0,04

0,07

0,06

0,05

0,05

0,08

0,09

0,09

0,07

0,05

0,03

0,03

0,03

0,03

0,03

0,04

0,05

0,03

Table 4 Parameters of the visual camera system

Parameter
Value

Type

Spectral band

No of picture elements

Pixel size

Field of view

Lens type

IFOV
Sony XC-73CE (1/3” size)

0,7-1,0 µm with RG715 NIR filter

752 x 582

6,50 x 6,25 µm

11,72 x 8,91 mrad with 400 mm lens

3,75 x 2,85 mrad with 1250 mm lens

Pentax 400 mm; f/5,6 with diaphragm

Celestron 1250 mm

16 µrad and 5,0 µrad with 400 resp 1250 mm lens

Table 5 Parameters of the IR camera

Parameter
Value

Type

Spectral band

No of picture elements

Detector material

Field of view

Detector pitch

Lens type

NETD

NEI

Responsitivity (Ext. target, Gain 0)

Responsitivity (Point Target, Gain 0)
Inframeterics Milcam XP

3,4-5,0 µm (see figure 12)

256 x 256

InSb

4,4° x 4,0°

0,30 x 0,27 mrad

Amber 100 mm; f/2,5

40 mK

~1,0 10-10 W/m2
10,6 bits/degree

1,95 1010 bits/W/m²(DOS)

Table 6. Predicted IR signal levels at various ranges

Range

Rel.Hum
16,4 km
25,6 km
26,3 km


Pupil

Irrad W/m²
DOS

bits
Pupil

Irrad W/m²
DOS

bits
Pupil

Irrad W/m²
DOS

bits

70%

80%

90%


2,78.10-8 

2,41.10-8 

2,10.10-8 
542

470

409
0,63.10-8 

0,52.10-8 

0,43.10-8 
123

101

84
0,60.10-8 

0,50.10-8 

0,41.10-8 
118

97

80

Table 7 List of CCD imagery with typical data

date
local time
Loca-tion
lens

(mm)
Camera height (m)
App.angle with horizon
ScintillSTD/

AVG
Remarks






Top FLIP mr
Source

mr
Mirage

mr



26/8

“

27/8

“

28/8

“

29/8

“

“

30/8

31/8

1/9

2/9

“

3/9

“

“

4/9

“

5/9

“

“

“

6/9
10.20

19.10

08.40

18.45

08.45

19.05

06.25

10.15

18.55

17.56

19.08

20.30

08.20

18.25

07.30

08.30

17.30

07.45

08.50

07.40

08.40

18.00

18.50

06.25
A

A

A

B

B

C

C

A

C

A

C

B

C

B

A

C

A

A

C

A

C

B

C

C
400

400

400

400

1250

400

400

400

400

1250

400

400

400

400

400

400

400

400

400

400

400

400

400

400
4,4

4,7

4,06

24,9

25,3

22,7

22,7

3,9

22,7

4,4

22,7

24,9

22,7

25,3

3,9

22,6

3,5

4,7

22,8

4,5

23,0

25,3

21,5

23,0
0,868 

0,844

0,65

0,693

0,506

0,530

0,675

0,482

0,801

0,53

0.53

0,63

0,77

0,53

0,77

0,868

0,578

0,868

0,530

0,626

0,482

0,578
0,217

0,193

0,24

0,277

0,121

0,145

0,048

0,096

0,108

0,024

0,096

0,24

0-0,14

0-0,14

0-1,00

0-0,193

0,0144

0,0144

0-0,096

0,217

0,048

0-0,096
0,024

0,024

0,024

0,048

0,024


0,33

0,46

0,37

0,41

0,36

0,40

0,40

0,28

0,36

0,44


f/45

f/22

small blur

f/16

f/11

f/16

large waves

f/8

f/9,5 large blur

f/9,5

mirage bar

mirage bar

mirage bar

mirage bar

windy

mirage bar

f/22

f/32

mirage bar

Table 8 Sensor heights (CCD) where source is at the horizon; source height 9,95 m 

geometrical horizon: location A: 2,3 m; location C: 18,5 m; waves 0,5 m

Date
Local time
Sensor height (m)
Sensor location
ASTD °C
IRBLEM prediction (m)

26/8

27/8

29/8

30/8

30/8

3/9

3/9

4/9

4/9

5/9

5/9


10.50

08.50

10.15

18.00

19.00

08.30

17.30

07.40

17.50

07.30

08.40


3,9

3,4

3,9

4,4

22,7

21,1

3,2

4,0

4,0

3,8

22,6


A

A

A

A

C

C

A

A

A

A

C


-0,5

-1,3

-0.l7

-0,8

-0.8

-1,2

-1,1

-1,0

-1,3

-1,1

-1,1


4,0

4,6

4,3

4,4

21,7

22,6

4,5

4,5

4,6

4,5

22,1



Table 9 List of IR imagery from Kaoio pt (A; 16,4 km)

Date
Local time
Camera height (m)
Gain
Average Irradiance level W/m2
Meas/exp DOS
Peak/avg signal
Scintillation std/avg

26/8

26/8

27/8

29/8

29/8

30/8

30/8

31/8

1/9

1/9

2/9

2/9

3/9

3/9

4/9

4/9

5/9
10.00

19.15

09.10

20.30

20.30

18.15

18.15

07.10

06.58

18.20

06.40

20.00

07.00

18.00

07,25

18.06

07.15
4,6

4,9

4,7

4,3

4,8

4,7

5,0

5,4

5,7

5,5

5,7

5,9

5,1

5,1

5,2

5,2

5,2
6

4

8

4

4

8

8

8

4

4

4

2

1

0

1

0

1
2,47.10-8
2,33.10-8
2,20.10-8
1,11.10-8
0,91.10-8
0,74.10-8
0,50.10-8
0,83.10-8
1,74.10-8
0,71.10-8
2,04.10-8
0,60.10-8
4,78.10-8
3,93.10-8
5,35.10-8
4,51.10-8
4,51.10-8
1,03

0,97

0,91

0,46

0,38

0,31

0,21

0,34

0,72

0,29

0,85

0,25

1,98

1,63

2,30

2,21

2,21
2,7

1,2

2,3

1,1

2,4

2,6

1,4

2,0

2,1

4,9

2,2

2,2

1,6

1,9

1,8
0,12

0,46

0,12

0,55

0,26

0,55

0,41

0,63

0,27

0,40

0,26

0,39

0,43

0,38

0,28

0,40

0,33

Table 10 List of IR imagery from Pyramid Rock (B; 25,6 km)

Date
Local time
Camera height (m)
Gain
Average Irradiance level W/m2
Meas./exp DOS
Peak/avg signal
Scintillation std/avg

28/8

31/8

1/9

1/9

2/9

2/9

3/9

3/9

4/9

4/9

5/9

5/9

6/9
09.20

20.20

06.05

19.48

05.36

18.14

05.25

19.47

05.25

20.05

05,20

18.20

05.50
25,3

25,7

25,7

25,7

25,7

25,3

25,7

25,3

25,3

25,3

25,3

25,3

25,3
8

8

8

8

8

4

8

8

4

4

8

8

8
3,36.10-9
4.12.10-9
1,49.10-9
1,11.10-9
1,39.10-9
3,05.10-9
4,34.10-9
2,26.10-9
4,21.10-9
5,03.10-9
0,90.10-9
2,45.10-9

1,37.10-9
0,65

0,79

0,29

0,21

0,27

0,58

0,83

0,43

0,81

0,97

0,17

0,47

0,26
2,0

2,1

2,2

2,0

1,9

4,4

2,2

2,5
0,20

0,25

0,65

0,69

0,45

0,54

0,36

0,38

0,49

0,31

0,91

0,41

0,66

Table 11 List of IR imagery from bunker (C: 26,3 km)

Date
Local time
Camera height (m)
Gain
Average Irradiance level w/m2
Meas./exp DOS
Peak/avg signal
Scintillation std/avg

29/8

30/8

2/9

3/9

3/9

4/9

4/9

5/9

5/9

6/9
19.20

06.25

21.20

05.50

19.05

06.15

20.48

05.55

19.11

06.15
22,6

22,6

23,3

24,5

23,7

24,3

24,5

24,1

23,3

24,5
8

8

8

8

8

4

4

8

8

4
1,25. 10-9
2,79.10-9
4,32.10-9
3,91.10-9
6,29.10-9
8,49.10-9
10,74.10-9
8,50.10-9
6,32. 10-9
5,59.10-9
0,25

0,56

0,86

0,78

1,26

1,71

2,15

1,63

1,26

1,12
2,0

2,3

1,7

2,1

1,9

1,8

2,6
0,52

0,45

0,33

0,36

0,28

0,40

0,28

0,32

0,30

0,46

Table 12 Sensor heights (IR), where the source is at the horizon; source height 8,7 m, 

geometical horizon: location A: 3,0 m; location C: 20,3 m; waves 0,5 m.

Date
Local time
Sensor height (m)
Sensor location 
ASTD (°C)
IRBLEM prediction (m)

29/8

30/8

31/8

1/9

2/9

2/9

2/9

3/9

3/9

4/9

4/9

5/9

5/9
20.30

18.15

07.00

07.00

06.45

19,50

21.20

05.45

06.50

06.00

07.00

05.50

07.00
4,1

4,5

5,1

4,8

5,1

4,2

23,0

23,7

4,7

23,7

4,4

23,8

4,5
A

A

A

A

A

A

C

C

A

C

A

C

A
-0,7

-0,8

-0,9

-0,6

-0,7

-1,1

-1,1

-1,2

-1,2

-1,0

-1,0

-1,1

-1,1
5,1

5,3

5,5

5,0

5,1

5,6

24,7

24,9

5,8

24,5

5,5

24,7

5,6
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Figure 17: 
DOS versus frame number for Milcam images;3/9 05:25 local time; gain 8 Sensor height 25,7 m; Pyramid Rock (25,6 km)
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Figure 18 :
 Refractance (             ) and (Meas/exp DOS) (                )  versus height       3/9 07.00 kaoio Pt 16.4 km ASTD= 1,2°C


Figure19 : 
Refractance ( ----------- ) and (Meas/exp DOS) (  - - - - - - - )  versus height
 4/9 06:00 bunker + P.Rock 26,3 + 25,6 Km ASTD= 1,0°C

Conclusions

· transmissometry by IR imager is feasible

· information is of direct relevance for 

    full stare IRST’s

· the flexible set-up allows variation of sensor 

    distance and height

· meteoconditions near Oahu were most 

    of the time subrefractive

· for grazing beams the signal fluctuations

    are influenced by turbulence and wave chopping

· these fluctuations support the point target 

    discrimination algorithms

· aerosol effects were dominant in the first period

· signal dependence of sensor height corresponds 

    qualitatively with IRBLEM predictions

-   detailed mirage imagery has been collected; 

    course agreement with IRBLEM predictions

Conclusions (continued)

· scintillation was always present; magnitude 

    comparable to that on other geographic locations

· irradiance levels at the 3 sensor ranges roughly 

    according to MODTRAN predictions, based  

    upon molecular and aerosol extinction

· refractance caused signal boost of factor 2

    most of the time

· signal outbursts of factor 4 were common; 

    the statistics has to be investigated

· in general the blur was small; in contrary 

    considerable beam wander did occur frequently

· from targets below the horizon frequently a glare 

    was observed (diffraction on wave edges?)

· experiments on Oahu showed that with modern IR 

    cameras with 4 cm pupil, targets at a range of 

    25 km are easily detectable

· additional IR imagery of littoral and coastal targets 

    has been collected for national programs
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