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Abstract—We present a method for calibrating the ScanniniNTRODUCTION
Laser Ophthalmoscope (SLO) that predicts radiant power i
any of 256 grayscale values (gsv) and 12 polarized filte The Scanning Laser Ophthalmoscope (SLO) has
(polarizer) levels. Predicted power values, p(gsv), were detepeen used for perimetry, fixation, pursuit, acuity, and con-
mined by substitution into polynomials linearly transformed tCrast sensitivity evaluations where precise control of visi-
Olt? or n%W power atlp(O) and 5(2;55)'|Thi‘:: was Compa;ed WitbIe stimulus presentations on the retina is essential
observed power values at 125 levels of attenuation/sessic L

(1-12). Atypical instrument (we tested SLO model #101,

Prediction accuracy was the proportion of nonsignificant pair .
wise comparisons (t-test, p=0.0001). We found that IOOWERodenstock, Germany) scans visible flux from a HeNe

transformation between polarizers and within sessions has bclaser (633 nm) directly onto the retina. The laser beam is
linear and nonlinear characteristics. Within polarizer andPOwer attenuated, converged at the beam pivot (posi-
between sessions, however, power transformation has linetioned in the patient’s natural pupil), then diverged onto
characteristics. A 5th-degree polynomial was individually fit,the patient’'s retina (13). Therefore, all available power
at each polarizer, to session 1 power distributions of 9 gsv stefrom the SLO is manifest at the beam pivot.
(0, 31, 63, 95, 127, 159, 191, 223, 255). When adjusted f Power attenuation occurs in two successive stages.
p(255) and p(0) in new sessions, we obtained p(gsv) that prrirst, a filter-polarizer pair (polarizer) sets the power
dicted power at 25 gsv * 5 polarizers for 18 days with an accygg| range (minimum to maximum) of the entire SLO
racy of about 0.84. When only adjusted to p(255), predictiVigaiq at one of 12 levels (from 0-11). Next, an acousto-
accuracy was 0.81. optic modulator further attenuates the power of each indi-
i vidual pixel element through 256 grayscale values
};ﬁéwords. calibration, computer, laser, ophthalmoscopy, (gsv=0-255). A device internal to the SLO unit is
designed to measure radiant power, but only at gsv 255.
Determining values of radiant power in a clinical-evalua-
This material is based upon work supported in part by VA Rehabilitation, tion St_Udy reqqlres external measurement of POWESUS
Research, & Development Service grant #C838-RA1 and The Eye SV With polarizer level as parameter. The power should
;F\(;Léndaﬁon of KansanC“y- ; o o Rof W, Nvaaard Phge repeatedly measured to average out noise. Much time
ress all corresponaence and requests for reprints to: RO . Nygaard, nd eﬁ.or.t WOU|d be SaVed |f emp|r|ca| p|0tS Of pOWGI’

Department of Vision Sciences, Children’s Mercy Hospital, 2401 Gilham™ '~ ~ . . -
Road, Kansas City, MO 64108; email: mygaard@cmh.edu. variation with gsv regressed onto a single polynomial
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function that predicted power variation with beam attenascending numerical order, repeated for a total of 20 mea-
uation. For linear variation with polarizer, a single curvesurements (intended to average out noise), and repeated
fit for all polarizers would suffice. Nonlinear variation, again at each of 5 different polarizers (3, 5, 7, 9, and 11:
however, would require separate fits at all 12 polarizera sample of the entire SLO polarizer range). Including the
We will investigate (1) whether the polarizer transformadelay required for polarizer change (about 5 seconds), the
tion of power as a function of gsv is indeed linear, (2total time required to complete a measurement session
how predictive accuracy varies with polynomial degreewas: ((2 seconds/gsv * 25 gsv * 20 repetitions/polarizer)
(3) how predictive accuracy varies with time, and (4) the+ 5 seconds) * 5 polarizers=83.75 minutes. In all, five
smallest number of gsv steps required to be measured emeasurement sessions were performed (on days 1, 2, 8,
fitted for maximum predictive accuracy. 11, and 18).
Data collection and analysis were performed in 8
stages.

METHODS 1. Acquisition of repeated SLO power measures.

Calculation of averages and standard deviations
across each gsv for each polarizer and measurement
session. Power averages from all five measurement
sessions defined the power-gsv distribution and, with
no further alteration, provided our “observed power.”
At the same time, from the power averages of session
1 we obtained predicted power, “p(gsv).” This proce-
dure was performed in stages 3-6.

Radiant power measurements were made at the s12-
beam pivot with an LM-2 CW detector (Coherent Optics
Inc.) attached to a Labmaster digital processor—PC co!
ple. The processor provided analog-digital conversior
the PC provided control of scan and gsv as well as da
acquisition, storage, and analysis. We examined a seco
Generation SLO using full-field, uniform raster scan.
(Results were corroborated in a Generation 3 SLO and
an upgraded Generation 1 SLO.) The power-sampling
period was 100 ms, exceeding the time required to con
plete full-field scan (30 mskigure 1 schematizes the
arrangement.

Length reduction of session 1 power averages. Points
at gsv 0 and 255 were retained while those corre-
sponding to every other gsv step, step pair, or step
triplet were eliminated. This yielded four different
lengths of 25, 13, 9, and 7 equal-interval steps.

Adjustment of their distributions to align minimum
and maximum points. Distributions were first translat-
ed so 0 gsv corresponded with O power (zero-transla-
tion), and then normalized so that 255 gsv
. corresponded with unity. This adjustment defines a
Freamp 5 linear transformation (translation and division by a
ks : constant) of the power distribution that might occur
“ from a change in either polarizer or session. By
i i reversing the order (multiplying by a new polarizer-

! ¥ . session maximum and then translating to a new polar-
L izer-session minimum) we linearly reconstitute the
ProDeEsor . . .

power distribution.
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5. Polynomial regression of the zero-translated and nor-
malized distribution to obtain best-fitting regression
coefficients.

Figure 1.
Instrumentation for control and measurement of the SLO.

Between increments in gsv, a 2-second interval weg6. Linear reconstitution of the polynomial using one of

introduced to provide for stabilization of power output.
Within a given measurement session, power was me
sured at 25 gsv steps (distributed in equal-interve
between steps 0 and 255) (14). This was performed

four rescaling protocols: multiplication of the polyno-
mial by the maximum power from either the first ses-
sion (“old p(255)”) or from some later session (“new
p(255)”) followed by translation of the polynomial to



131

NYGAARD and SCHUCHARD. SLO Power Calibration

the power minimum of either the first (“old p(0)”) or (3-5, 3—7, 3-9, 3-11, 5-11). Thus, for half our polarizer
some later session (“new p(0)”). This provided us wittcombinations, a linear transformation is insufficient to
values of p(gsv). account for power change with polarizer. Because there

7. Statistical comparison of power distributions betwee " 2> p_erfe_zct match accuracy (1.00) at on_Iy one polarizer
combination (5-7), we decided to curve-fit at each polar-

polarizers, performed by t-test pairwise comparisonizer level
(15) of adjusted session 1 power distributions over 1 '
polarizer pair combinations. The two distributions
were assumed normal, with identical population vari
ances estimated from the variances of repeated me
sures. We defined a significant (p=0.0001) differenct
to indicate an incorrect match or prediction and a nor
significant difference to indicate a correct match ol
prediction. Match accuracy was the proportion of non
significant differences out of 25 comparisons (2t
gsv/polarizer).

8. Statistical comparison between p(gsv) and observe
power performed by t-test pairwise comparisons (15
of between-session predicted and observed power di
tributions over five measurement sessions. Observe W “F 11
power was assumed normal and its variance was es !
mated from the variance of repeated measures. Agai I
we defined a significant (p=0.0001) difference to indi-
cate an incorrect match or prediction and a non-sicFigure 2a.
nificant difference to indicate a correct match orPower at 25 gsv (from 0-255) and 5 polarizers (F=3, 5, 7, 9, 11) in
prediction. Predictive accuracy was the proportion Omeasurement session 1 translated (to O power at 0 gsv) ant_j nc_)r_mallzed

- . . (to power at 255 gsv). At numerous gsv, power changes significantly
nonsignificant differences out of 125 comparisons (2%enyeen polarizers.
gsv/polarizer * 5 polarizers).

(translated and normal@ed)
{sessiont)

RESULTS

First, we examined change in power within sessiol
and between polarizers. We compared distributions th:
were linearly transformed by either normalizing anc
translating or just normalizing. Significant differences a
gsv other than 0 and 255 would indicate a nonlinear tran
formation and would require separate curve fits at eac
polarizer.

Translated and normalized data for measuremel
session 1 (typical of all later sessions) are shown i
Figure 2a Significant differences exist between polariz-
ers.Figure 2b details this by showing the proportion of
nonsignificant power matches (match accuracy) at eac
of 10 polarizer combinations. Results for both translated
and normalized or only normalized data are shown. HigF9ure 2b-

tch 0.80 to 1.00) is sh f lari Calculation of match accuracies for each of 10 polarizer pair combi-
match accuracy ( : ol ) IS Shown Tor polarizer CONp,a4ions. A linear transformation can account for most or all match dis-

binations 5-7, 5-9, 7—9,_ 7-11, and 9-11; much |0VV_€crepancy in about half the polarizer combinations. For the remaining
accuracy (0.04 to 0.44) is shown for the other 5 pairhalf, however, a linear transformation is insufficient.

mabsh acciracy
[BaREiGn 1)

-

Fiter pair combinabon
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Figure 3. .
The accuracy of polynomials fit to observed session 1 power to prd 19ure 4.

dict those values. Polynomial degree ranged from 2 through SDuration of predictive accuracy for polynomials of degree 5.
Greatest accuracy (0.90) was obtained at degree 5. Polynomials were linearly adjusted by one of four rescaling protocols
(see figure legend). Over 18 days, prediction accuracy is approxi-

Next. we determined the polvnomial dearee that ma)‘mately the same regardless of whether polynomials are adjusted to
! poly 9 new session maxima and new session minima, or just adjusted to new

imized predictive accurackigure 3 shows how predictive  gession maxima. See text for detalils.
accuracy varies with polynomial degree (2-9). We see th
accuracy is a maximum (0.90) for polynomials of degree
and declines at both higher and lower values. Therefor -
0.90 is the maximum predictive accuracy attainable b
polynomial simulation of our power data. B

Finally, we examined change in power between se<§ & .., b
sions, within polarizer and determined the minimum num1§ § el som 8]

L 1]

ber of gsv needed in regressidfigure 4 shows the v IS i
predictive accuracy provided by each of our four rescalin
protocols in each of five measurement sessions. In sessi
1, all protocols converge to a predictive accuracy of 0.9
(predicted and observed sessions are the same). In sut B.12

+ 5 b w plE

guent sessions, however, two trends are apparent. For p 5 1o 0 1%
tocols using old p(255) predictive accuracy declines beloy slze of data fit
0.20 and for protocols using new p(255) predictive accur: inumber of gsv steps)

cy remains above 0.74. This is true regardless of whethFi e 5

the protocol u_ses new p(0) or OIC.I P(0). \N.Ithm filter andPrgedictive accuracy averaged over all sessions (days 1, 2, 8, 11, and 18).

between Sess'or? power changes linearly with gS_V' Wwe COPolynomials of degree 5 were fit to power distributions of 7, 9, 13, or 25

clude there are linear power changes over sessions that equal-interval gsv and 5 polarizer values. Polynomials were linearly

specified by a change in the maximum power. adjusted in one of four rescaling protocols (see figure legend). Maximum
Figure 5 shows predictive accuracy (averaged ovepredictive accuracy was achieved with only 9 gsv. See text for details.

sessions 1-5) of polynomials fit to gsv lengths of 7, 9, 1:

and 25 steps. The greatest accuracy (0.84) occurs with {CONCLUSION

to a power distribution length of 9 gsv using a rescaling prc

tocol of new p(0) and new p(255). When old p(0) and ne\ We propose that a 5th-degree polynomial fit to a

p(255) are used instead, however, predictive accuracy normalized power distribution of 9 gsv steps (0, 31, 63,

only slightly lower (0.81), reinforcing the earlier finding 95, 127, 159, 191, 223, 255) for each individual polariz-

that linear power changes occur over sessions and are sper and then multiplied into new maxima (p(255)) on

fiable by a change in the maximum power. future sessions, will predict power at any of 256 gsv steps
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and 12 polarizers for at least 18 days with an accuracy 5. Lei H, Schuchard RA. Using two PRLs for different lighting con-
about 0.81. ditions in patients with central scotomas. Invest Ophthalmol Vis

Accurately and efficiently relating SLO radiant . S¢ 1997:38:1812-8,

h . £l b . . 6. Remky A, Beausencourt E, Elsner AE. Angioscotometry with the
power to the settings of laser beam attenuation Is esse scanning laser ophthalmoscope: comparison of the effect of dif-

tial for visual function evaluation. The ability to accu-  ferent wavelengths. Invest Ophthalmol Vis Sci 1996;37:2350-5.

rately set SLO power is especially critical for researclt7. Rubin GS, Turano K. Low vision reading with sequential word
and clinical testing of scotoma density and contrast se|  presentation. Vision Res 1994;34:1723-33.

sitivity The reliability of SLO power over time is also 8. Schuchard RA, Fletcher DC. Preferred retinal locus: a review with

. . . - applications in low vision rehabilitation. Ophthalmol Clin N Am
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trolled (16-18). Indeed, many of the previous SLO stud 1095:36.186374.

€S _have not e_Ven_ ac_knOWIEdged in their visual funCtloll. Timberlake GT, Peli E, Essock EA, Augliere RA. Reading with a
testing the variability in power that we report. Thus, COm  macular scotoma II. Retinal locus for scanning text. Invest
paring studies or attempting to replicate previously Ophthalmol Vis Sci 1987;28:1268-74.

reported studies might be difficult if not impossible.12. Trfi_uzgtteI-Klosinski S, Tornow RP. Fixation behavior and reading
Differences in reported visual function values should b ability in macular scotoma. Neuro-ophthalmol 1996;16:241-53.

due to chanaes in retinal and not instrumental function 13. Webb RH, Hughes GW. Scanning laser ophthalmoscope. IEEE
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