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NOTICE 

This report is an internal Forintek document, for release only by 
permission of Forintek Canada Corp. This distribution does not 
constitute publication. The report is not to be copied for, or 
circulated to, persons or parties other them those agreed to by 
Forintek. Also, this report Is not to be cited. In whole or i n part, 
unless prior permission is secured from Forintek Canada Corp. 

Neither Forintek Canada Corp., nor i t s members, nor any other persons 
acting on i t s behalf, make any warranty, express or implied, or assume 
any legal responsibility or l i a b i l i t y for the completeness of any 
Information, apparatus, product or process disclosed, or represent that 
the use of the disclosed Information would not Infringe upon privately 
owned rights. Any reference In this report to any specific commercial 
product, process or service by tradename, trademark, manufacturer or 
otherwise does not necessarily constitute or imply Its endorsement by 
Forintek Canada Corp. or any of i t s members. 



S0MNAR7 

This report describes an improved film-stage densitometer concept 
designed to replace an existing densitometer, which is used for 
measuring ring width and ring density in wood samples with narrow 
annual rings (<0.5mm). 

The proposed design u t i l i z e s commercial off-the-shelf parts wherever 
possible and consists of the following main components: a collimated 
light source and regulator, an X-ray negative holder and tramsport 
system, an inspection microscope, a photodetector and amplifier, and a 
sample imaging system. 
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1.0 INTKODDCTION 

Computerized X-ray densitometer analysis of wood Intra-ring width and 
density has been carried out at Forintek since 1971. Analyses are 
conducted on two different densitometer systems: a film-stage 
densitometer and a direct reading X-ray densitometer (DRXKD). 

The film-stage densitometer previously described in detail (Parker and 
Jozsa, 1973; Parker et a l . , 1973; Parker et a l . , 1980) measures the 
attenuation of a light beam as i t passes through an X-ray film negative 
image of the radial cross-section of the wood sample. A photocell 
collimatlng s l i t and optical magnification produce an effective scam 
area 0.05 mm wide by 0.125 mm high. This scan area is small enough to 
allow measurement of slow grown, narrow annual ring samples (ring 
widths down to about 0.14 mm). 

The DRXRD has been In use at Forintek since 1986 (Jozsa and Myronuk, 
1986; Jozsa et a l . , 1987). The DRXRD measures the attenuation of a 
collimated X-ray beam as i t passes through the wood cross section. 
Analysis on the DRXRD is much faster and less costly than with the 
film-stage densitometer because of the elimination of X-ray exposure 
and development of the film negative. However, because the collimatlng 
s l i t size also limits the system's sensitivity, the minimum scan area 
presently being used is 0.10 mm wide by 0.75 mm high. Therefore, the 
DRXRD is limited to the measurement of relatively fast grown, wide 
annual ring samples (ring widths 0.5 mm and wider). 

Notwithstanding the fact that the film-stage densitometer has been one 
of the best of i t s kind in the world, certain attributes of Its design 
and operation negatively affect operating costs and productivity. This 
report presents the concepts of an Improved system and provides capital 
and labor estimates for i t s design and construction. 
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3.0 MATERIALS AND METHODS 

3.1 BACKGROUND 

There are a number of undesirable features associated with the xenon 
arc lamp light source of the film-stage densitometer. For example, to 
turn i t on, 30,000 volts must be applied to a starting electrode on the 
lamp in order to Ionize the xenon gas. Operation of a 30,000 volt 
source near the voltage sensitive microcircuits of the detector 
amplifier and microcomputer system has caused numerous c i r c u i t 
component failures. In the past, these failures have caused costly 
delays and repairs, resulting In lost operating time of about 10 days 
annually. 

Also, i t is d i f f i c u l t to regulate the xenon arc lamp for constant light 
output. A large, costly electronic regulator c i r c u i t is utilized, which 
requires frequent maintenance. Additionally, a one hour warmup time i s 
required for the lamp output to stabilize each time the system is used. 
Cumulatively, this results in at least fifteen operating days lost over 
a period of one year. Further, overall system s t a b i l i t y and noise 
performance Is limited by leunp operation to between three and five per 
cent. 

Finally, system operating costs are high because of the $200 per lamp 
price and their limited operating l i f e of about 200 hours. Minimum 
annual lamp operating costs are $1000. 

The film-stage densitometer was custom designed, for which no 
engineering drawings exist of mechanical and optical assemblies 
c r i t i c a l to system performance. As components wear out they w i l l be 
vir t u a l l y impossible to replace. Also, i t is not possible to duplicate 
the system for u t i l i z a t i o n by the Forintek Eastern Laboratory or other 
research centers. 

A new, more reliable and better performing system is proposed, which 
could be easily duplicated through the use of ccnmericlal off-the-shelf 
components wherever possible. Table 1 shows the estimated auinual 
savings in operating time for operation with the proposed design. 

J. Richards 

R.M. Kellogg 



3.2 DESIGN CRITERIA 

3.2.1 Concepts 

Many man-years of effort have been expended in developing sample 
preparation, calibration and operational techniques, and computer 
programs for use with the film stage-densltaneter. Therefore, any new 
proposed design must be totally compatible with a l l existing 
procedures, computer hardware and software. Figure 1 i s a block diagram 
of one such compatible design. In addition to being f u l l y compatible 
with the present densitometer, this design has the potential of being 
used in an Image analysis mode by the addition to the computer of a 
video digitizer and appropriate software. Image analysis may make 
possible automated measurements of wood fiber length, c e l l dimensions, 
and other variables. 

3.2.2 Specifications 

The following is a l i s t of specifications required for compatibility 
with the present densitometer and those deemed necessary by the design 
team: 

effective scan area to be 0.05 mm wide by 0.100 mm high at 
normal magnification [lOx]; 

use of a PIN photodiode and preeunpllfler design similar to 
that being used in the present densitometer; 

maximum X-ray negative scan step to be 0.01 mm. at normal 
magnification; 

an imaging system to enable the operator to Identify 
sample ring abnormalities and to override computer 
control (image magnification standard ); 

photodetector output signal noise and short term d r i f t to 
be less than one per cent; 

warmup time for stable operation to be less than 10 minutes, 
and; 

use of standardized commercial components wherever 
possible. 



Table 1 

Reduction In Annual Operating Time Losses 
for Proposed Densitometer Design 

Days Lost 

Cause 
Existing 
Design 

Proposed 
Design 

lamp lighting 10 0 

leimp regulator 
servicing 3 1 

changing and testing 
Icunps 2 0 

lamp warmup 15 1.5 

TOTAL 30 2.5 

Number of man-days that could be saved 27.5 
per year with proposed system 
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Figure 1 Block Diagram of Proposed System 



4.0 RESULTS AND DISCUSSION 

4.1 LIGHT SOURCE 

A constant output light source is required for stable, accurate 
measurements of density. Our experience with the existing densitometer 
has shown that i f a highly regulated light source is used, then 
feedback control of the source is an unnecessary complication. In 
addition to regulation, a heavily f i l t e r e d lamp power supply i s 
required so that modulation of the light source by 60 Hz AC ripple 
does not occur. 

Because the system is routinely calibrated each time a sample is 
scanned, and sample scan time is a matter of minutes, long term d r i f t 
and aging of the lamp do not affect measurement accuracy. 

Also, the light source must be collimated, and should be focused so 
that the diameter of i t s beam is approximately equal to the f i e l d of 
view of the microscope. 

Tests conducted with a two-thirds inch vidlcon tube CCTV camera and a 
low power microscope indicate that a 25 watt quartz-tungsten-halogen 
light source w i l l provide acceptable illumination. A 25 watt, 12 volt 
lamp w i l l draw approximately 2 amperes of load current, which can be 
highly regulated and f i l t e r e d with conventional regulator c i r c u i t s . 
Commercial light sources of this type are available with an operating 
l i f e of 2000 to 5000 hours, at a cost of less than $50 per leunp. 

4.2 DETECTOR CIRCUITS 

In addition to a constant output light source, a stable noise-free 
photodetector and amplifier are also required for accurate 
measurements. A PIN photodiode operating in the photovoltaic mode 
connected to a FET input current-mode Integrated c i r c u i t amplifier 
provides excellent results in the present densitometer. The photodiode 
is extremely sensitive at low light levels, and has a linear output 
characteristic over ten decades of change in light level. Because the 
photodiode Is operated in the photovoltaic mode and with a current-mode 
amplifier, dark current errors are insignificant. 

Consideration must be given to preventing stray sources of light (such 
as room lighting and sunlight) from causing errors in the photodetector 
measurements. Focused, magnifying systems such as the one presented 
here are insensitive to ambient light conditions, and further 
rejection of eunblent light can be achieved by strategically placed 
light shields. 

Another approach to rejection of ambient light is through the use of a 
modulated light source, an AC-coupled amplifier, and a synchronous 
demodulator. 



In this design, the light source is modulated (turned on and off) at a 
high frequency. The resulting high frequency photodiode output signal 
is conducted into the amplifier by a capacitor. The capacitor also 
serves to block any DC component of the signal which would be produced 
by a constant source of light such as the sun. The amplified signal is 
then synchronously demodulated (converted back to a DC signal). Only 
the modulation frequency components of the signal are demodulated, a l l 
other frequencies being rejected. Thus other frequency components, as 
would be caused by fluorescent lighting, for example, are total l y 
rejected. 

Figure 2 is a block diagram of an experimental c i r c u i t consisting of a 
modulated solid state infrared emitter source and a synchronous 
demodulator that was designed and tested. Rejection of stray light by 
this c i r c u i t was excellent. Direct exposure of the photodetector to a 
high level of fluoresecent light produced an error of 0.2% in the 
output signal. Short term zero offset d r i f t , however, was greater than 
1%, so that c i r c u i t refinement would be required in order to reduce 
this d r i f t by a factor ten. 

4.3 PARTS LIST FOR PROPOSED FILM-STAGE DENSITOMETER DESIGN 

The following is a preliminary l i s t of the major system components: 

a commercial coilimated, focusable quartz-tungsten-halogen 
25 to 50 watt light source; 

Forintek-designed light source regulator using ccromercial 
integrated ci r c u i t regulator components; 

Bausch and Lcoib MonoZoom-7 Optical system (inspection 
microscope) complete with photomonocular and objective lens; 

detector assembly consisting of a commercial microscope 
projection eyepiece or custom designed projection 
optics, 0.5 mm. optical s l i t , Hewlett Packard PIN photodiode 
and Forintek-designed preamp/eunp/fliter c i r c u i t s ; 

Hitachi #HV-720 CCTV camera and Panasonic #TR-930, 9 inch 
CCTV monitor or equivalents; 

Design Components Inc. #SL-120 positioning table complete 
with Opt. #01-0355 Hall Effect limit switches, Superior 
Elect r i c #M062-fC03 stepping motor and #ST103A stepping motor 
controller or equivalents, and Forintek-designed controls; 

Forintek-designed X-ray film negative holder/loader, and; 

Forintek-designed structural assembly using commercial 
optical bench components wherever possible. 
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4.4 Capital and Labor Cost Estlnates 

The capital cost of the proposed system, based on the l i s t of 
preliminary components, is less than $20,000. 

The labor cost of the proposed system, based on the combined 
contributions of a l l individuals identified with this project as Staff, 
Is 105 man-days. 

5.0 OONCLDSIONS AMD REOC»fMENDATIQNS 

The proposed film-stage densitometer design w i l l provide a cost-
effective means of measuring narrow annual ring samples (down to 0.14 
mm ring-width, or 70 rings per cm) with improved accuracy and 
productivity, and without the potential for damaging nearby 
microelectronic circuitry. 

The system can be easily duplicated for use by the Forintek Eastern 
Laboratory or other research centers, at a capital cost of less than 
$20,000. 

Application of the system can be expanded to image analysis by the 
addition of a video digitizer and appropriate software to the system 
computer. 

It i s recommended that a project be Initiated in the coming year to 
design and build the proposed system for replacement of the present 
film-stage densitometer. 
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