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FOREWCRD

Presented here are the kéy results of the calibration of the Easselblad
cameras for Apollo Mission 15. The 80 mm and the 80 mm foeal length cameras
were calibrated using the Wild T~k Goniometer. Stellgr calibration was
ﬁerformed for the 250 mm and the %00 mm focal length cameras. The procedure
followed in the calibration by the Wild T-4 Goniometer is outlined in the
Technical Report "A Procedure for the Calibration of Finite-Focused Cameras
By Wild T-4 Goniometer™, LEC/EASD No. TR-676-L43-01, dated March 2k, 1971.
Data réduction for stellar calibration was.performed by DBA's SMAC program.
The preprocessing was done by a modified version of the-MUSAT preprocessor.
This report was prepared by Lockheed Electronics Company, Houston Aercspace
Systems Division, under NASA Contract NAS 9-10950 in response to Job Order
63-2957-301h issued by the Mapping Séiences Laboratory, Earth Observations

Division, Menned Spacecraft Center, Houston, Texas.
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CAMERA CALIBRATION
| WILD T-% GONICMETER ,
CAMERA: Hasselblad  ( §/N 1031 “* FOR APOLLO MISSION 15
' \_«Mn_ﬁw,_w,.. ——————— - :
LENS: Carl Zeiss NR 5081616 §/y 1031 'DATE: 5/2k4/71
CAMERA SETTINGS: F:5.6 at - 70 ft.

--Principal Distance (inner lens node to the film plane)

PD = 61.466 + .020 (wmm)

--Calibrated Focal Length

crL =/ 61,461 + .02 (wa))

Radial Lens Distortion:

Distortion (um)
Radial Dist. Diag. X Diag. IT Average

{(mm ) L R L R

0.0 0.0 0.0 0.0 0.0 0.0

3.5 -1k 0.9 3.0 -2.7 -0.0
7.1 -2.5 0.8 =1.6 -1.5 wl,2
10.6 -2.9 2.7 1.3 -2.1 -0.2
1h.1 0.9 1.0 ~2.2 1.5 0.3
7.7 -2.4 1.2 -0. 4 ~6.9 -2.1
21.2 -0.3 -3.2 -k, 5 -0.2 -2.0
ek, -2.0 0.9 -4.6 -0.2 -1.5
28.3 -5,k -0.6 -5.2 4.1 -1.8
31.8 3.0 0.7 ~4.1 5.8 1.3
35. 5.4 3.2 0.0 9.8 4,6




~=A least scuares curve-fitting to the distortion values was carried
out according to the formula: ‘

5 o= K+ k3£3 + g * ..
‘ a.
where, § = distortion (umm)
r = radial distance {mm)
and, Ky, k3, k5 ... = distortion coefficients

Thne distortion ceocefficients are:

X, = =2.33294867x1077
Xy = -2.85403966x107
kg = 3,285L80L5x10 10

-—Locati§n of the Prihcipal Point, PP, {with respect to the dbuilt-in
reseau):

A. Principal Distance (inner lens node to the reseau plane)

A Cr YLl cpiTBnal -
- 6138 5 020 (m)  ae £

A rerea,

‘—-‘*'_._"—u_
.= efz Felea

B. Principal Point ILocation

yh
/
— |
A
/--“u
o 0 -~ ZLens Node (inner
| (inner)
CT - Central Target
X, ¥ - Axes defined by the
o :-uwwﬁﬂuw reseau crosses.
T M”‘“m_
X = 470 + .039 (mm
LY = -.130 + .034 (um) )
.

e et




Leitin,

CAMERA CALIBRATION

WILD T-4 GONIOMETER

CAMERA: Hasselblad S/N 1031 FOR APOLLO MISSION 15

LENS: Carl Zeiss Nr 5081616 S/N 1031 DATE: 5/24/71

e,

CAMERA SETTINGS: ;5.6 at 10 ft.

=-Principal Distance (inner lens node to the film plane)

FD = 62.50L% + .049 (umm)

~~Calibrated Tocal Length

/cm = 624993 .033 (mm)

Radial Lens Distortion:

Distortion {um)
Radial Dist. Diag. T Diag., II Average

(mm) L R T R

0.0 0.0 0.0 0.0 0.0 0.0

3.5 -1.8 -1.0 3.7 -5.5 -1.1

7.1 -2.6 -1.7 w2,k -4.3 -2.7
10.6 -1.3 -0.1 1.1 -4.2 -1.1
141 1.5 -2.0 -3.2 -2.8 -1.6
17.7 0.2 -1.k -2.6 -3.0 -3.2
21.2 1.0 -4.6 4.7 ~hh -3.2
24,7 0.9 -2.4 -b.k -2.1 -2.0
28.3 0.0 -2.0 -6.1 1.2 -1.7
31.8 5.6 -C.6 -1.1 5.1 2.4
35.4 5.5 5.7 L.5 12. 4 7.1
/ *




--A least souares curve-fitting to the distortion values was carried
out according to the formula:

= } 3 ) 5+o--
b6 = klr + kg dST
vhere, § = distortion (mm)
r = radial distance (mm)
and, Ky, kS’ k5 «v. = distortion coefficlents

The distortion coefficients are:

ky = -1.78733215;(10“'1"
ky = -3.72655718x10~8
ks = 2.72146168x10" 10

--Location of the Frincipal Point, PP, (with respect to the built-in
reseau):

A. Principal Distance (inner lens node to the reseau plane)

= 62,411 + .057 (mm)

B. Principal Point Location

ya
-/.-
|
X
[ o
—— 0 ~ Lens Node (inner
J — | )
CT =~ Central Target
X, ¥ =~ Axes defined by the
reseau crosses.
/% = 479 + .038 (ma)
¥y = =132 + .03k (mm)
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CAMERA CALIBRATION

WILD T~k GONICMETER

CAMERA: Hasselblad S/N 1031 . FOR APOLLO MISSION 15

LERS:  Carl Zeiss MR 5081616  s/N 1031 DATE:  5/24/71

CAMERA SETTINGS: £:5.6 at 7 ft.

--Prineipal Distance {inner lens node to the film plane)

PD = 63.248 + .04 (mm)

~~Calibrated Focal Length

e s \~)
¢ CFL = 63.246 % .030 (mm)

Radial Lens Distortion:

Distertion (um)
Radial Dist. Diag., I Diag. IT Average

(mm) L R L R

0.0 0.0 0.0 0.0 0.0 0.0

3.5 -0.8 -1.3 -0.7 -3.4 -1.5

7.1 -2.6 -2.0 -6.2 -2.9 =3.4
10.6 -3.6 -1.5 -5.0 b -3.6
14,1 -1.0 -2.6 ~11.3 -1.2 -4, 0
7T -3.8 -7.8 -9.1 -10.3 7.7
2l.2 -3.4 -3.6 -12.5 -4, 3 -5.9
ek -3.8 0.k -11.2 -3.8 -6
28.3 =5.5 -0.1 -10.7 2.8 -3.h
31.8 2.2 2.9 ~7.0 7.7 1.4
35.4 7.5 10.0 8.4 10.5 9.1
/




o

~--f, least sguares curve-fitting to the distortion values was carried

out according to the formula:

§ = kyro+ k3r3 + k5r5 + ..
- 2
where, & = distortion {mm)
r = radigl distance (mn)
and, ky, k3, k5 res = distortion ccefficients

The distortion coefficients are:

ky = -k, 01;2:-5486&‘%x10'L¥
ks = 9. 8622783.9x10“8
kg = 3. 420UT857x10™ 10

~--Location of the Principal Point, PP, {with respect to the built-in

reseaun):

A. Principal Distance

= 63.152 + .056 (mm)

B, Principal Point Location

pe

(inner lens node to the reseau plane)

=
1l

Bl + L 0kO (mm)

s
I

6

=134 + .035 {mm)

/
F"’fﬂ
A
. LR W o
/ N
/-'u
L 0 ~ Lens Node (inner
€T -~ Central Target

X, ¥ = Axes defined by the

resegau Ccrosses.




CAVERA CALIERATION

WILD T-4 GONICMETER

CAMERA: Hasselblad s/N 1031 FOR APOLLO MISSION 15
LENS: Carl Zeiss NR 5081616 S/N 1031 - : DATE: s5/24/71

CAMERA SETTINGS: £:1l at 70 ft.

~-Principal Distance (inner lens node to the film plane)

VPD = 61.L79 + ,032 (mm)

-~Calibrated Foecal Length

CFL = 61.467 + .035 (um)

Radial Lens Distortion:

Distertion (um) ’
Radial Dist. Diag. 1 Diag. IT Averzge

{wm) L R L R
0.0 0.0 0.0 0.0 0.0 0.0
3.5 -2.0 1.7 8.1 -1.0 1.7
7.1 -2,7 0.2- 4. 3.3 -0.5 0.1
10.6 ~2. k4 1.3 4.5 0.2 0.9
1h.1 0.3 0.8 -0.3 0.8 C.h
17.7 - -0.8 0.5 2.2 -6.8 -1.2
21.2 -C.2 -2.3 0.3 -1.2 -0.8
24,7 -3.h -0.8 -0.6 -2.6 -1.8
28.3 -6.3 -2.0 ~7.0 2.5 -3.2
31.8 -0.3 -L.7 -1.9 1.8 -0.5
35.4 2.1 -0.5 0.0 L.g 1.6




~--A least sguares curve-fitting to the distortion values was carried
out according.to ithe rformulia:

= 3 2 &
§ = Kyr o4 koX” 4 ksr e
where, & = distortion (mm)
r = radial distance (mm)
and, ks k3, k5 ... = distortion coefficients

The distortion coefficients are:

1.23240431x10~%

=
P-J
|

ks = -6, 126997u8x10'7

W
i

5 L. 4420617051010

-~Location of the Principal Point, PP, (with respect to the buili-in
reseau); - .

A. Principal Distance (inner lens node to the reseau plane)

= 61.3865 029 (mm)

B. Principal Point Location

ya
/
—
A
. ¢1 LY o
| — 0 - Lens Node (inner
CT ~ Central Target
X, ¥ = Axes defined by the
reseau crosses.
x = k70 + .039 (um)

.130 + .034 (mz) -
8

2
i
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CAMERA CALIBRATION

WILD T-L GONIOMETER

CAMERA: Hasselblad s/ FOR APOLLO MISSION 15

LENS: Carl Zeiss NR 5081616 S/N 1031° "DATE: s5/2L/71

CAMERA SETTINGS: £:11 at . 10 ft.

--Principal Distance (iﬁner lens node to‘the film plane)
PD = 62,459 + .039 (mm)

~-Calibrated Focal iength
CFL = 02,497 + .026 (mm)

Radial lLens Distortion:

Distortion (um)
Radial Dist. Diag. T Diag, II Average

(mm) L R T R
0.0 0.0 0.0 c.0 0.0 0.0
3.5 -0.5 -1.2 2.0 -4.9 -1.1
T 1 -2.9 -3.0 -3.7 4.1 -3 4
10.6 -3k 0.2 -2.9 “l, 8 -2.7
14.1 -1.4 0.5 -7.1 -2.0 -2.5
7.7 -3.h ~1.0 -2.6 -8.8 -3.9
2&-2 -b.5 ~2.7 -5.1 -3.6 -4.0
2.7 -1.9 ~2.0 -5.0 -2.7 -2.9
28-§ 2.0 -1.0 -6.2 3.0 -1.5
31-1 1.7 2.5 -0.9 1.8 1.3
354 6.2 7.1 L.8 12.2 7.6




--A least squares curve-fitting to the distortion values was carried
out according to the formuia:

- 3 > .
s = klr + k3r + k5r .
L"l
vhere, & = distortion (mm) '
r = radial distance {mm)
and, Ky, k3, k5 ... = distortion coefficients

The distortion coefficients are:

ky = —2.731578563{10-u
k3 = 9. 02u91532x10'8
kg = 2. 33296386::10"1‘0

--Location of the Principal Poini, PP,'(with respect 1o the built-in
reseau):

A. Principal Distance (inner lens node to the reseau plane)

= 62.412 + .050 (wm)

B. Principal Point Locaticn

&
A
P””ﬂ,,—” ‘0 - Lens Node (inner)

CT = Central Target

X, ¥ = Axes defined by the
reseau crosses.

»
n

479 + .038 (mm)

y = =.132 + .03% (mm)

10 '
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CAMERA CALIBRATION

WILD T-4% GONIOMETER

CAMERA: Hasselblad S/N 1031 FOR APOLLO MISSION 15
LENS:  Cerl Zeiss IR 5081616 S/N 1031 DATE:  5/24 /71
CAMERA SETTINGS:  £:11 at T ft.

--Principal Distance (inner lens node to the film plane)

D = 63.251 + .OLT (um)

-~Calibrated Foecal Length

CFL = 63.244k + ,032 (mm)

Radial Lens Distortioﬁ:

Distortion (um)
Radial Dist, Dizg, I Diag. IT Average

{mm) L R L R

0.0 0.0 0.0 0.0 0.0 0.0
3.5 -1.7 C.1 1.1 -4, 0 ~1.1
7.1 -3.8 -1.5 | ~5.9 bl -3.9
1C.6 =k b 0.6 -3.4 -6.5 -3.6
b1 -2.3 -2.2 ~11.4 -5.8 -5k
7.7 -3.5 -0.5 -6.1 ~13.8 -6.0
21.2 -0.8 -k, 5 -8.0 ~8.2 ~5.L
L -0.6 -0.3 -3.7 -6.9 -2.9
28.3 0.0 0.2 -6.7 -2.4 -2.2
31.8 6.5 2.6 3.3 3.7 “.0
35.4 7.7 7.7 8.3 12.0 8.9

il




--A least scuares curve-fitting to the distortion values was carried
out according to the rformulia:

= % 3 5
6 = kT + k3r + kﬁr + .. ,
vhere, & = distortion (mm)
r = radial distance (mm)
and, ki, k3, k5 «.. = distortion coefficients

The distortion coefficients are:

ky = -b.75095109x10%
ky = u.7912791ux1o"7
ks =  8.56960683x20711

~--Location of the Principal Point, PP, (with respect to the built-in
reseau): ' ' ‘

A. Principal Distance (inner lens node to the reseau plane)

= 63.152 + .05 {mm)

B. Principal Point Location

}'Js
/
/
EL_,/’&'X )
F”’—,,»f” 0 =~ TLens Node (inner)

CT - Central Target

X, ¥ = Axes defined by the
reseau crosses.

=
i

48 + L 0kO (mm)

e
g

-.13% + .035 (wmm)

12




CAMERA CALIBRATION

WILD T-4 GONICMETER

CAMERA: Hasselblad S/N 1033 FOR APOLLO MISSION 15

LENS: Carl Zeiss NR 2586540 8/N 1033 DATE: 5/24 /71

CAMERA SETTINGS: f£:5.6 at ° 70 ft.

-~Principal Distance (inner lens node to the film plane)
PD = 61.501 + .013 {mm)

--Calibrated Focal Lenath

CFL = 61.497 + .'011; (mm)

Radial Lens Distortion:

Distortion (um)
Radial Dist. Diag. I Diag. IT Average
{mm)} L R I R
0.0 0.0 0.0 0.0 0.0 0.0
3.5 -1.7 -1.4 3.9 ~5.2 -1.1
T-1 -3.7 -3.0 0.8 -3.9 ~2.4
10.6 -2.9 -2.1 0.5 ~5.9 -2.6
1.1 ~1.1 -4, 1 ~i1 ~2.0 -2.8
7.7 -2.9 -h.2 1.1 -9.4 -3.8 -
2l.z2 -2.7 -7.0 -1.1 -4, 3 -3.8
2h.7 -2.5 -6.3 -2.2 ~3.9 -3.7
28.3 -1.0 -3.5 -3.7 7.2 -0.2
31.8 2.7 -0.5 1.k 3.4 1.7
354 6.8 L7 b1 9.4 6.2

13




--h least squares curve-fitting to the distortion values was carried

out according to the formula:;

- 3., >
5 = klr + k3r + k5r S PO
vhere, § = distortion (mm)
r = radial distance (mm)
and, kl, k3, k5 «vo = distorticn coefficients

The distortion coefficients are:

ky, = -3, oomélhsxlo'b’
Ky = 2.50383057x10
kg = 1. 0549216021070

~-Location of the Principal Point, PP, (with respect to the built-in

reseau):

A. Principal Distance (inner lens node to the reseau plane)

= 61.390 + .006 (mm)

B. Principal Point Location

Central Target

Lens Node (inner)

Axes defined by the

reseau crosses,

yh
/,/
- A
_S—/*_//’? o
L O -
J — .
CT
X, ¥ -
X = -.568 + ,019 (mnm)
Yy = =047 %

.023 {ma)
1k

-
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CAMERA CALIBRATICN

WILD T-4 GONIOMETER

CAMERA: Hasselblad S/N 1033 FOR APOLLO MISSION 15
LENS: Carl Zeiss NR 2586540 §/¥ 1033 - DATE: 5/24/71

CAMERA SETTINGS: f£:5.6 at 10 r+.

--Principal Distance (inner lens ncde to the film plane)

PD = 62.526 + .036 (mm)

--Calibrated Focal Length

CiL = 62.512 + .028 (umm)

Radial Lens Distortion:

Distortion {um)
Radial Dist. Diag. I Diag. II Average

{mn) L R - L R

0.0 0.0 0.0 0.0 0.0 0.0
3.5 0.0 wbo1 1.h ~h.2 ~1.7
7.1 -3,8 -5.7 » -3.9 -3.2 -4,
10.6 -6.5 -5.2 -1.7 -2,2 -3.9
k.1 -4.6 -7.0 -6.9 0.6 =45
7.7 -7.7 ~9.1 0.1 -7.6 -6.1
21.2 -6.1 -10.2 -3.7 -1.9 ~5.5
2k.7 -7.6 -8.5 -4, 5 -1.8 -5.6
28.3 -6.1 -6.2 -5.3 -0.2 by
31.8 -0.5 -1.3 -0.1 k.2 0.6
35.% 4.0 6.2 6.9 7.6 6.2

L5




~-A least squares curve-fitiing to the distortion values was carried
oul according to the formuia;

- 3 5
] —klr+k3r +k5r ...
where, § = distortion (mm)
r = radial distance (mm)
and, Ky k3, kS ... = distortion coefficients

The distortion coefficients are:

K, = -k, 06762083x1.o'h
kg = 1.47780643x1077
ks = 2. 53039681x10 0

——Locatign of the Principal Point, PP, {with respect to the built-in
reseau):

A. Principal Distance (inner lens node to the reseau plane)

= 62.410 + 04T (wm)

L

B. Principal Point Lozation

2
//""
oL o
e}
P_'_’,,af" 0 - Lens Node (inner)

CT « Central Target

X, ¥ =~ Axes defined by the
reseau crosses.,

=
H

=577 + .021 (um)
Y = -.050 + .024 (nm)

16




CAMERA CALIBRATION

WILD T-4 GONIOMETER

CAMERA: Hagsselblad S/N 1033 & FOR APOLLO MISSION 15
LENS: Carl Zeiss NR 2586540 §/N 1033 - DATE:  5/24/71

CAMERA SETTINGS: £;5.6 at T £t.

--Principal Distance (inner lens node to the film plane)

PD = 63.301 + .04k (mm)

-~Calibrated Focal Length

CFL = §3.286 + 031 (mm)

Radial Lens Distortion:

Distortion (um)
Radial Dist. Diag. I Dlag. IL Average

{mm} L R i R

0.0 0.0 0.0 0,0 0.0 0.0

3.5 -1.2 -1.7 2.5 -3.0 ~0.8
7.1 4.5 -5.7 -3.5 L7 i, 6
10.6 -6.5 ~5.2 -1.5 -b. 6 I
b1 ~6.4 -8,6 -4,2 -0.3 -b.g
7.7 -9.0 ~10.1 0.1 -8.9 -7.0
2.2 7.2 -12.0 ~3.1 ~3.4 6.4
2L, 7 -8.2 ~-11.0 -1.7 1.1 -5.5
28.3 -3.9 -9.0 -2.5 5.3 -2.5
31.8 -0.3 -1.1 2.2 T.2 2.0
35.4 5.4 8.7 5.8 13.8 8.4

17




-=A least sguares curve-ritting to the distortion values was carried
out according te the formula:

- 3. 5
o = klr + k3r + 55r + ..
wvhere, § = distortion (mm)
r = radial distance (mm)
and, ky, k3, k5 er» = Gdistortion coefficients

The distortion coefficients are:

kK, = -4 90727108x10""
kg = 3.39501188x107
ks = 1.95996543x107 10

~-Location of the Principal Point, PP, (with respect to the built-in
reseau): '

A. Princiral Distance (inner lens node to the reseau plane)

= 63.169 + .058 (mm)

B, Principal Point Location

/
A
/\.
| & = Lens Node {inner
= (inner)
C? « Central Target
X, ¥ = Axes defined by the
reseau Crosses.
x = -.583 + .020 (mn)

<
1t

-.052 + .023 (mm)
15




CAMERA CALIBRATION

WILD T-L GONIOMETER

CAMERA: Hasselblad s/x 1033 . FOR APOLLO MISSION 15
LENS:  Carl Zeiss MR 2586540 s/y 1033 DATE:  5/24/T1
CAMERA SETTINGS: £:11 at 70 ft.

--Principal Distance {inner lens node to the film plane)

PD = 61.512 + .011 (mm)

~-Calibrated Focal Length

CFL = 61.501 + .022 (um)

Radial Lens Distortion:

Distortion (um)
Redial Dist. Diep. I i Diag, II Average
{mm) L ] R L R
0.0 0.0 0.0 0.0 0.0 0.0
3.5 -2.4 -0.5 5.6 -3.2 -0,1
7.1 4.2 -2.6 1.0 -3.0 2,2
10.6 -4, 6 -1.7 2.2 -3.5 -1.9
1k -3,0 -2.8 -2.5 -0.8 -2.3
7.7 -5.5 -1.1 h.5 -8,k -2.6
21.2 -5.5 -4.9 0.4 -3.2 -3.3
25,7 -5.7 4.1 0.2 -2, -2.9
28.3 -5.5 -1.4 ~1.7 5.5 -0.8
31.8 ~0.2 1.2 2.9 2.4 1.6
35.4 2.4 6.1 2.5 8.k L.8
J
/
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~-A least squares curve~fitting to the distortion values was carried
out according vo the formula:

- 3 5, _
6 = klr + k3r + kSr . e
vhere, § = distortion (mm) '
r = radial distance (mm)
and, Ky, k3, k5 ... = distortion coefficients

The distortion ¢oefficients are:

-l
-2.11620766x10

Ky =
kg = 1.00414812x10°7T
kg = 1.45364465%10~10

~-Location of the Principal Point, PP, (with respect to the buili-in
reseau): ‘ )

A, rincipal Distance (inner lens node to the reseau plane)

= 61.392 + . 008 (mm)

B. Principsl Pocint ILocation

4
’)/
- T ,’—;ﬂ
s ©
[ 0 =« Lens Node (inner)
/
CT - Central Target
X, ¥ <« Axes defined by the
reseau crosses.
X = -.566 + .018 (wm)
Y = -.050 + .022 (mm)

20 )




CAMERA CALIBRATION

VILD T-l GONICMETER

CAMERA: Hasselblad _ s/ 1033 FOR APOLLO MISSION 15
LENS: Carl Zeiss ¥R 2586540 §/N 1033 "DATE: 5/24/71

CAMERA SETTINGS: 7£:1l at . '10 ft.

--Principal Distance (inner lens node to the film plane)

VPD = 62,526 + .033 (mm)

~=-Calibrated Focal Length

CFL = 62.514 + .020 (mm)

Radial Lens Distortion:

Distortion {um)
Radial Dist. Diag, I Diag. IX Average

(mnm) L R . L R

0.0 0.0 0.0 0.0 0.0 0.0
3.5 -2.6 -0.6 2.5 ~3.2 -1.0
7.1 -3.8 ~3.0 2.5 -3.3 -3,1
10.6 wl, 2 ~1.5 -1.0 ~L,g -2.9
15,1 -3.0 -2.8 -6.0 -1.2 -3.2
17.7 5.0 -2.4 ~0,1 ~10.8 =4.8
21.2 =7.7 -4, 6 -3.8 -2.6 -4 7
2L, 7 -5.6 -2.2 -1.6 -2.0 -2.8
28.3 -2.0 2.7 -4, 5 3.3 -0.1
31.8 1.0 ~15.6 2.2 L2 -2.0
35.4 3.2 15.6 6.0 10.8 8.9

21




et

~-f least squares curve-fitting to the distortion values was carried
out according to the formula:

& = k1r+k3r3+k5r5+....

vhere, § = distortion (mm)
r = radial distance {mm)
and, Xy, k3, k5 ... = distortion coefficients

The distortibn coefficients are:

“2.76683896x10'“

kl =
k3 =  5.28696274x1077
kg = 3.09558kLLx10"+0

--Location of the Principal Point, PP, (with respect to the built-in
reseau):

A. Principal Distance {inner lens node to the reseau plane)

= 62.410 + .0b4 ()

aL

B. Princival Point Location

L
/
|
A
] / ‘
pa—,fr””’ ‘0 - Lens Node (inner)

CT - Central Target

X, ¥ = Axes defined by the
reseau crosses.

»
fl

-.576 + .021 (wum)

>
i

~.051 + .023 (mm)
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CAMERA CALIBRATION

WILD T-4 GONICMETER

CAMERA: Hasselblad 8/N 1033 . FOR APOLLO MISSICN 15
LEKS: Carl Zeiss NR 2586540  S/N 1033 DATE: 5/24/71

CAMERA SETTINGS: f:11 at T ft.

~-Principa1 Distance (inner lens node to the film plane}
PD = 63.293 + .056 {um)

--Calibrated Foeal Length
T3

CFL = 63.281 + .030 (un)

Radial Lens Distorticn:

Distortion {(um)
Radial Dist. Diag. T Diag. IX Average

(mum) L R L R :

0.0 0.0 0.0 0.0 0.0 0.0

3.5 -3.3 -3.0 3.3 -6.5 -2.4

7.1 -7.3 -5.9 -2.9 ~6.9 -5.8
10.6 -8.2 -6.5 -0k ~6.0 -5.3
14,1 ~9,6 -12,1 ~6.3 -3.7 -7.9
7.7 -11,2 -13.6 -2.0 -14.2 -10.2
2.2 -10.6 -15.1 -2.0 bk -8.0
el -8.3 -12.2 -2.h -3.7 -6.6
28.3 -5 -10.7 -3.3 =i, 2 -5.7
31.8 ~0.4 -7.0 3.6 6.7 0.7
35. 4 8.1 12.9 9.7 4.2 11.2 J
/
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~wf least équares curve-fitting to the distortion values was carried
out according to the formuia:

- 3 p
b = %lr + k3r + k5r S A 1
where, § = distortion (mm)
r = radial distance (mm)
and, X1s k3, k5 .. = distortion coefficients

The distortion coefficients are:

Ky = -6.36607529x10""
kg3 = 3.01138715x1077
kg = 3. 60749L06x10™ 10

--Iocation of the Principal Point, PP, (with respect to the built-in
reseau):

A. Principal Distance (inner lens node to the reseau plane)

= 63.166 + .052 (mm)

B. Principal Point Location

S

]

G

.0 - ZLens Node (inner)

CT =~ Central Target

X; ¥ = Axes defined by the
reseaun crosses.

=
i

-.584 + ,019 (mm)

)
i

-.053 + .023 (mm)
ok




CAMERA CALTBRATION

WILD T-4 GONIOMETER

CAMERA: Hasselblad S/N 1038 (60 wa) FOR APOLLO MISSION 15
LENS: Carl Zeiss Nr. 5081619 S/N 1038 . DATE:  5/24/71

CAMERA SETTINGS: F:8 at - 70 ft.

--Principal Distance (inner lens node to the film plane)

PD = 61.483 + .0L8 (mn)

--Calibrated Tocal Length

CFL = 61.482 + ,010 (um)

Radial Lens Distortion:

Distertion (wm)
Radial Dist. Dieg, I Diag., II Average

(tam) L R T R !

0.0 0.0 0.0 0.0 0.0 C.0
3.5 c.2 2.0: 5.k -3.9 0.9
7.1 -0.k4 1.7 113 ~0.3 0.6
10.6 0.1 2.2 5.3 0.5 2.0
14,1 0.8 1.0 1.8 5.0 2.2
Y77 . =0.1 3.3 N -5.0 1.2
2.2 1.9 ~-3.8 2.9 1.3 0.6
2h.7 2.5 -2.9 1.5 1.0 0.5
28.3 1.9 -kl -1 b 1.0 -0, 7
31.8 0.7 -5.9 0.1 2.7 -0.6
35. 4 -2.5 ~0.9 -5.4 5.3 ~0.9
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--A least souares curve-fittinz to the distortion values was carried
out according to the formula:

- 3 5 4
& = klr + k3r + ksr .
vhere, § = distortion (mm)
r = radisl distance (mm)
and, SERSY k5 ... = distortion coefficients

The distortiion coefficients are;

Ky = —_
ky = R
kg = —

--Location of the Principal Point, PP, (with respect to the built-in
reseau);

A. Princiral Distance (inner lens node to the reseau plane)

= 61.39% + .011 (um)

.

B. Principal Point Location

ya

/

el ,,w—%ﬂ o
/\ ‘

| e 0 -~ Lens Node (inner
L= ode (inner)

L)
=3
1

Central Target

X, ¥ = Axes defined by the
reseau crosses.

e
n

-.225 + 006 (mm)

e
1l

~.085 + 006 (mm)
26
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CAMERA: Hasselblad

CAMERA CALTBRATION

WILD T-L GONICMETER

s/N 1038 (60 um)

FOR APOLLO MISSION 15

et

LENS: Carl Zeiss NR 5081619 /N 1038 DATE: 5/2h/T1
CAMERA SETTINGS: F:8 at - 10 rt,
--Principal Distance (inner lens node to the film plane)
PD = 62.491 + ,033 (um)
--Calibrated Focal lensgth
CFL = 62,491 + ,020 (mm)
Radial Lens Distortion:
Distortion (um)
Radial Dist. Diag. I Diag. II Average
(mm) L R L | R
0.0 0.0 0.0 0.0 0.0 0.0
3.5 0.9 -0.3 C.8 -2.8 -C.h
T.% -1.2 -0.8 1.5 0. -0.2
19.6 -1,2 1.5 2.3 0.6 0.8
1k, 1 -0.5 2.2 3.0 2.3 1.8
7.7 -1.1 0.6 3.8 -5.0 -0.k4
2l.2 -1.2 -3.1 -7.6 0.9 -2.8
4.7 -0,k -0.6 5.3 0.2 1.1
28.3 -0.3 2.2 6.1 5.1 3.3
31.§ 0.0 2.3 6.8 0.0 2.3
35.4 -0.3 3.3 7.7 5.6 N
/




--A leact souaree curve-fitting to the distortion values was carried
out according to the formula:

- 3 5 4
o = klr + k3r + ksr .
vhere, § = distortion (mm)
r = radial distance (mm)
and, Ky, k3, k5 ... = gdistortion coefficients

The distortion coefficients are:

=
W
i

--Iocation of the Principal Peint, PP, (with respect to the built-in
reseau):

A. Principal Distance (inner lens node to the reseau plane)

= ©2.381 + .04 (mm)

B. Principal Point Location

YA

/

/

- A
& L <
. / "
/“v
‘ - 0 -~ Lens Node (inner
: CT =~ Central Target
¥, ¥ =~ Axes defined by the

resegau crosses.

=
H

-.228 + .002 (mm)

o
i

-.072 + .003 (mm)
© 28
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CAMERA CALIBRRATICH

WILD T~4 GONICMETER

CAMERA: Hasselblad S/x 1038 (60 mm) FOR APOLLO MISSION 15
LENS:  Carl Zeiss 5081619 S/N 1038 - DATE; 5/24/T1
CAMERA SETTINGS: F:8 at 7 ft.
=-Principal Distance (inner lens node to the film plane)
PD = 63.225 + .051 (mm)
--Calibrated Foeal Length
T ™
CFL = 63.218 + /o2 (mm)
Radial Lens Distortion:
Disterticn {um)
Radial Dist. Diag, T Diag. II Average
(mm) L R - L R
0.0 0.0 0.0 0.0 0.0 0.0
3.5 =1.4 0.6 0.8 -2.2 -0.6
7.1 -2.0 -0.5 1 =1.6 -1.2 -1.3
10.6 -2.9 2.4 1.7 -1.9 -1k
141 -1.9 -0.2 -3.8 2.3 -0.9
7.7 -3.6 0.6 2.0 -5.6 -1.7
21.2 -2.0 - -3.8 -1.8 -0.3 -2.0
2h.7 =k, ~1.5 -1.2 -2.7 -2.4
28.3 -1.0 -0.7 -4, 8 -3.4 -2.5
31.8 1.3 0.8 -1.8 -1.0 -0.2
35. 4 3.2 5.0 1.0 ~0,0 2.3
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w- ileast souares curve-Tittinz to the distortion values was carried
out according to the rormuia: '

= 3 5 4+
b = klr + k3r + ksr .
vhere, § = distortion (mm)}
r = radial distance (mm)
and, Ky, k3, k5 ... = distortion coefficients

The distortion coefficients are:

-
w
f

~-Location of the Principal Point, PP, (with réspect to the built-in
reseau):

A. Principal Distance (inner lens node to the reseau plane)

= 63.264 + .038 (uzm)

B. Principal Peint Location S

¥4

//
——‘/
/’ e *

’

| — 0 =~ Lens Node (inner)

r”f"
CT - Central Target
X, ¥ - Axes defined by the

reseau crosses.

/% = -.183 £ 025 (mn)

LY = .08k + .02 (mm)
30




CAMERA CALIBRATION

WILD T-4% GONIOMETER

CAMERA: lHasselvlad s/N 1039 FOR APOLIO MISSION 15
LENS: Carl Zeiss Nr. 5081608  S/N 1039 DATE: 5/24/71

CAMERA SETTINGS: F:5.6 at . .70 ft,
-———/

--Principal Distance (inner lens node to the film plane)

PD = .51-5T2.i .01k (mm)

--Calibrated Focal Lengzth

CFL = 61.572 + .006 (mm)

Radial Lens Distortion:

Distortion (un)
Radial Dist, ] Diag. I Diag. 11 Average

(ram) L { R L R

0.0 0.0 0.0 0.0 0.0 0.0

3.5 -2.8 1.5 3.2 -1.1 0.2

7.1 -0.6 0.6 1.0 2.2 0.8
10.6 -0.5 3.5 6.3 3.0 3.1
ikl 2.3 3.9 0.2 5.7 3.0
7.7 1.2 4.9 5.3 ~1.9 2.4
2l.2 0.6 -0.8 2,2 3.0 1.k
ek.7 -0k -1.0 0.8 2.1 0.k
28.3 1.h -0.1 -1.6 2.k 0.5
31.8 2.8 ~3.0 -1.8 -0.6 ~0.7
35. 4 1.5 -1.9 -6.3 0.0 -1.7
/
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-=A least équares curve-fitting to the distortion values was carried

out acecording to tne Iormula;

where, § = distortion (mm)
r = radial distance (mm)
and,

kl, k3, ks .. =

The distortion coefficients are:

kl = _—
g = _
ks = -—

At

distortion coefficients

~--Location of the Principal Point, PP, (with respect to the built-in

reseau):

A. Principal Distance (inner lens node to the reseau plane)

= 61.461 + .010 (mm)

B. Principal Point TLocation

y#h
. ) _/vy\
/U
S 0
/
cT
X Y
X = -.201 + .008 (mm)
y = ~.158 + .009 (mm)

32

1

Lens Node (inner)
Central Target

Axes defined by the
reseau crosses.,




CAMERA CALIBRATION

WILD T-4 GONIOMETER

CAMERA: Hasselblad 8/N 1039 FOR APOLLO MISSION 15
LENS: Carl Zeiss Nr. 5081608 S/ 1039 DATE: 5/24/71

CAMERA SETTINGS: F:5.6 at . 10 ft.
.__,/

—-Principal Distance {inner lens node to the film plane)

PD = 62.566 + .0kl (um)

--Calibrated focal Length

CFL = 62.557 +.030 (um)

Radial Lens Distortion:

Distertion {um)
Radial Dilst. Diag. T Dieg. II Average

(mm) L R L R

0.C 0.0 0.0 0.0 0.0 0.0
3.5 0.0 -2.2 2.2 -1.3 -0.3
7.1 -2.3 -2.5 J.-1.0 . 0.2 -1.4
10.6 -0.1 0.0 2.9 1.4 1.1
k.1 2.8 -C.k -1.k 6.9 2.0
7.7 - 0.3 0.0 3.8 -4, 2 -0.0
21.2 0.8 -2.0 1.6 2.7 0.8
24.7 -0.7 ~3.3 0.1 0.7 -0.8
28.3 “1.3 -5 -2.8 bl -1.1
31.8 0.2 -3.2 -2,2 -1.8 -1.8
35. 4 0.0 3.1 -0.2 0.0 0.7
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--A leact sguares curve-fitting to the distortion values was carried
out according to the Iormula:

— 3 1 5 -+
6 = klr + k3r + Asr v e e s
vhere, & = distortion (mm)
r = radial distance (mm)
and, Ky, k3, k5 ... = distortion cocefficients

The distortion coefficients are:

K, = —

o
w
1l

--Iocation of the Principal Point, PP, (with respect to the bullt-in
reseau): .

A. Principal Distance (inner lens node %o the reseau plane)

= 62.L456 + .04 (amm)

B. Principal Point Location

¥

]
C;_T/’,_._—ﬂi:"g o
¢ ‘
”‘_#,,ff“ 0 - Lens Node (inner)
CT =~ Central Target
X, ¥ = Axes defined by the

reseau crosses.

X = =194 + 0Lk (mm)

e
i

~.182 + . 016 (wm)
3k




CAMERA CALIBRATION

VILD T-4 GONICMETER

CAMERA: Hasselblad S/N 1039 (60 wm) FOR APOLLO MISSION 15
LENS: Carl Zeiss Nr. 5081608 S/N 1039 DATE: 5/24 /71

CAMERA SETTINGS: 7:5.6 at T 4.
e

--Principal Distance (inner lens node to the film plane)

PD = 63.313 + .067 (mm)

~-Calibrated Foeal Length

CFL = 63.311 + .032 (mm)

Radial Lens Distortion:

Distortion (um)
Radial Dist, Diag. I Diag. IT Average

{(ram) L ' R L R

0.0 0.0 0.0 0.0 0.0 0.0
3.5 -2.0 -0.2 2.9 -2.3 -0.4
7.1 ~3.8 ~-1.1 1.4 -1.0 -1.8
10.6 =b,7 1.k ~C.9 -0.7 -1.2
18,1 -3.5 -1.0 -8.2 Lol -1.3
17.7 -3.1 -0.8 -5.0 -5.7 -3.7
21.2 -1.6 -2.9 -9.1 0.8 -3.2
2L.7 -2.8 -0.5 -14.3 1.9 -3.9
28.3 -3.9 ~2.3 22,4 -2,k 3.5
31.8 -2.0 -0.9 -21.2 6.4 =k
35.4 -0.0 L.2 -22, 4 9.6 -2.2
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--A least souares curve-fitting to the distortion values was carried
oul according to the formuia;

= 34 2+ ’
6 = klr + k3r k5r “« n o
vhere, § = distortion {um)
r = radial distance {mm)
and, k1, k3, k5 «+. = distortion coefficients

The distortion coefficients are:

}(l = PR
k3 = s
k5 = _

--Location of the Principal Point, PP, (with respect to the built-in
reseau):

A, Principal Distance (inner lens node to the reseau plane)

= 63.204 + ,061 (mm)

B. Principal Point Tocation

Ya

/-‘
- )
/ v '
L ‘0 - Lens Node (inner
B (inser)
CT - Central Target
X, ¥ ~ Axes defined by the
reseau crosses.
¥ = -.193 + .013 (mm)
y = -.18hk + ,015 {mn)

Lo
O




CAMERA CALIBRATION

WVILD P-4 GONICMETER

CAMERA: Hasselblad S/ 1039 (60 mz) ©°  FOR APOLLO MISSTON 15
LENS: = Carl Zeiss Nr. 5081608 s/ 1039 DATE: s5/24/71

CAMERA SETTINGS: Fill at T R,

=-Principal Distance (ianer lens node +o the film plane)

FD = 61.570 + .019 (mm)

--Calibrated Focal Lenzth

CFL = 61.572 + .011 {mm)

Radial lens Distortion:

) E_m Distortion (um)
Radial Dist. Diag. T ' Diag. Irf Average

(rem) L | ® L | R

0.0 0.0 0.0 0.0 0.0 0.0

3.5 ~1.2 0.k 3.5 -2.1 0.1

T.1 ~0,2 0.5 1.0 0.7 0.5
10.6 0.0 2.0 6.1 1.0 2.3
14,1 2.7 3.5 2.0 6.5 3.7
LT.7 0.5 2.3 6.9 -5.0 1.2
21.2 1.3 -0.2 2.6 1.1 1.2

Ly 0.7 1.5 1.5 -1.0 1.2
28.3 -0.4 0.2 -1.2 -1.2 -0.7
31.8 1.2 -0.5 -0k -2.7 ~0.6
35.4 -2.4 0.0 -3.5 -6.5 -3.1

}




P

--f least sauarez curve-fitting to the distortion values was carried
out according to the lformula:

= 3 5 4
6 = klr + k3r + ksr .
where, & = distortion {mm)
r = radial distance (mm).
and, L) k3, k5 ... = distortion coefficients

The distortion coefficients are:

}[l = —

k3 = —

k = —
>

~~lotation of the Principal Pbint, PP, (with respect to the built-in
reseaun):

A. Principal Distance (inner lens node to the reseau plane)

= 61.Lk59 + 016 (mm)

B. Principal Point Location

ya

/
’/
A
¢y L7 o
. . / "
/ N
| 0O ~ Lens Node {inner
CT - Central Target
X, ¥ = Axes defined by the

r¢seau Ccrosses.

=
1

-.202 + .008 (mm}

~
1

-.158 + .007 (um) o
38
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CAMERA CALIERATION

WILD T-4 GONICOMETER

CAMERA: Hasselblad S/N 1039 (60 mm) ~ FOR APOLLO MISSION 15
LENS: Carl Zeiss 5081608 3/N 1039 : DATE: s5/24/71

CAMERA SETTINGS: F:1l at - 10 ft.

- e ,/

--Principal Distance (inner lens nede to the filu plane)

PD = 62.555 + .055 (um)

--Calibrated Focal Length

CFL = 62.547 + .020 (ma)

Radial Lens Distortion:

Distortion (um)
Radial Dist, Diag. I vlag. IT Averzge

(mm) L 7 R L R

0.0 C.0 0.0 0.0 0.0 0.0

3.5 -1.7 0.3 -2.4 0.3 -0.9

T.1 -2.1 -1.2 -4,1 -0.6 -2.0
10.6 -1.6 2.3 -1.0 -0.2 -0.1
14,1 0.8 ~1.0 -3.9 5.8 0.k
7.7 -2.1 0.7 1.1 ~5.2 -1.h
2.2 -1.0 -3.7 -1.3 0.0 ~1.5
k.7 -1.0 -1.9 0.6 -1.8 -1.0
28.3 _ 0.1 -2.6 -2, -k, 6 -2.3
31.8 3.0 -2.3 0.1 -3.1 -0.6
35.4 0.0 0.0 0.0 -5.8 -1.5
y
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--A lezst sguares curve~fitting to the distortion values was carried
out accordaing to the foruula:

8 = klr+k3r3+k5r5+. .
vhere, & = distortion (mm)
r = radial distance (mm)
and, Ky, k3, k5 eve = distortion coefficients

The distortion coefficients are:

w
|3
it

-~-Location of the Principal Point, PP, (with réspect to the built-in
reseau):

A. Principal Distance (inner lens node to the reseau plane)

= 62.455 + .039 (wmm)

B. Principal Point Location ¥

y
,~f“’;ﬁszﬂr
é‘_‘a‘//,.--«?'x E . o
/ ‘
L””,_»”' 0 - Lens Node (inner)
CT « Central Target
¥, ¥ = Axes defined by the

reseau crosses.,

~
it

-.193 + .02 (mm)

<
B

-.183 + .0LL (mnm)
Lo
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CAMERA CALIBRATION

WILD T-l GONIOMETER

CAMERA: Hasselblad 8/8 1039 (60 mn)  FOR APOLLO MISSION 15
LENS: Carl Zeiss 5081608 S/N 1039 DATE:  5/2L/71
(CAMERA SETTIFGS: Fill at ;“;ngﬁpp

--Principal Distance (inner lens node to the film plane)
PD = 63.31k + .049 (mm)

~-Calibrated Focal Length

CFL = 63.305 + .019 (mm)

Radial Lens Distortion:

_ ‘ Distortion {unm)
Radial Dist. Diag. I Diag. IT Average
(mm) L R L R
0.0 0.0 0.0 0.0 0.0 0.0
3.5 -0.2 -0.7 5.2 -3k 0.2
7.1 -0.5 -2.4 0.7 -1.7 -1.0
10.6 -3.6 -1.3 3.3 2.k -1.0
1k, -0.6 -1.6 ~3.3 2.1 -0.9
7.7 -0.7 -2, 4 3.6 -8.4 -2.0
21.2 0.6 -5.2 0.3 -2.8 -1.8
ok -0.3 -4, 1 -0.6 -1.6 -1.7°
28.3 2.8 -3.2 -5.2 L.6 -0.3
31.8 2.1 -0.9 -1.2 0.0 0.0
35,4 C.0 .2 2.1 0.0 1.6
/

L




‘

--A least sguares curve-fitting o the distortion values was carried
out accoraing to the formula:

6 = yr ot kgrd + krd v . L.

where, § = distortion (mm)
r = radial distance (mm)
and, ky, k3, ks oo = distortion coefficients

The distortion coefficients are:

~--Location of the Principal Point, PP, (with respect to the buillt-in
reseau): -

A. DPrincipal Distance (inner lens node to the reseau plane)

= 63,200 i L0586 (mm)

B. Prinecipal Point Location

)’é\

/
P
A
| o ©
/\n

Lens Node (inner)

\
\

/ CT -~ Central Target

Axes defined by the
reseau Crosses.

%
-
L

1

%X = =193 + .013 (mm)
y = =-.186 + .015 (mm)-

L2




CAMERA CALIBRATION

WILD T-4 GCNIOMETER

CAMERA: Hasselblad S/N 1054 2 FOR APOLLO MISSION 15
{non reseau) ' : '
LENS: Carl Zeiss S/¥ 1054 . DATE: 5/2L/71

CAMERA SETTINGS: £:5.6 at eo

-~Principal Distance (inner lens node to the film plane)

FD = 80.T761 + .01k (mm)

~=Calibrated Focal Length
]

CFL = 80.755 + .0L4 (wmm)

Radial Lens Distortion:

Distertion (um)

Radial Dist. Diag. I Diag., TI Average
{mn) L ! R L R '
ogo 0.0 0.0 0.0 - 0.0 0.0
3.5 31.5 3C.0 33.8 31.0 31.6
T.1 58.9 58.5 O 60.3 58.9
10.6 79.9 4.0 82.6 85.6 82.0
14,2 97.8 97.1 6.3 - 98.1 97.3
17.7 99.8 103.2 98.9 100.8 100.7
2l.2 93.5 93.0 92.4 95.6 93.6
247 67.3 T1.8 &8,k 70.5 69.5
28.3 27.3 23.0 25.6 31.6 29. L
1.8 -29.6 -2L,7 -29.1 -25.6 -27.2
35.4 -59.8 -99.1 -102.6 -100.6 -100.5
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o

--A least squares curve-fitting to the distortion values was carried
out according to the I'ormula:

_ 3 s e5 4
0 = kv + k3r + kSr e e
vhere, § = distortion (mm)
r = radial distance (mm)
and, Xy, k3, k5 ... = distortion coefficients

The distortién coefficients are:

X, = 9.002550x1073
k3 = <l.O7Thbb 1072
kg = 1. 0L8022x10™2

~-Location of the Principal Poini, PP, (with respect to the buiit-in
reseau): -

A. Principal Distance (inner lens node to the reseau plane)

= Not Applicable.

B. Principal Point Location

ya

/
.—-/’
A
B :
o 0 =~ Lens Node {inner
s (snnex)

.
2
3

I

Central Target

X, ¥ = Axes defined by the
reseau Crosses.
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- CAMERA CALIBRATION

WILD T-4 GONICMETER

CAMERA: Iasselblad S/N 1054 ¢ FOR APOLLO MISSION 15
(non reseau) .

LENS: Carl Zeiss S/N 105k : DATE: 5/24/71

CAMERA SETTINGS: f:11 at o

--Principal Distance (inner lens node %o the film plane)

PD = 80.76L + .01L {mm)

--Calibrated Focal Length

CFL = 80.75%L # .012 (mm)

Radial Lens Distortion:

Distortion {(um)
Redial Dist. Diag. T ! Dizg. IT Averags

(mm) L R | L ]

0.0 0.0 C.0 0.0 . 0.0 0.0
3.5 31.3 3.3 32,2 30.3 3.2
7.1 59.0 58.8 '58.5 58.6 58.7
10.6 Sz.2 83.5 84.0 83.4 £3.3
1k 99.6 97.6 97. 7 97.3 98.0
17.7 02,7 101.7 102.1 101.3 102.0
2l.2 95.3 90.6 92.3 93.9 93.8
24,7 72,2 69.2 73.3 70.0 71.2
28.3 32.5 28.9 26.8 30.9 29.8
31.8 -26. 4 -30.3 -27.2 -28.0 -28.0
35.4 1105.9 ~105.9 -106.2 -105.5 -105.9 J




~-=f least squarés curve-fitting to the distortion values was carried
out according to the formula:

6 = klr + k3r3 + ksrs + ..
where, § = distortion (mm)
r = radial distance {(mm)
and, Ky, k3, ks ... = distortion coefficients

The distortion coefficients are:

k; = 8.979062x1073
ky = -1.043666%x10"2
kg = 0.699330210"7

--Location of the Principal Point, PP, (with respect to the built-in
reseaun):

A, Principal Distance (inner lens node to the reseau plane)

= Not Applicable

B. Principal Point Tocaticn

)’h
/ /
A
G P 4
) Fd"’,,ff” 0 - Lens Node (inner)
CT «~ Central Target
Xy ¥ = Axes defined by the

reseau Crosses.

x = [

y = —r—

L6
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CAMERA CALIEBRATION

WILD T-4 GONICMETER

CAMERA:  ilasselblad 8/ 1057 “* FOR APOLLO MISSION
{non reseau) - -
LENS: Carl Zeiss 8/ 1057 : DATE: 5/24/71

CAMERA SETTINGS: f:5.6 at oo

--Principal Distance (inner lens node Lo the film plane)

PD = 80.657 + .0C6 (mm)

--Calibrated Focal Length

CFL = 80.6Uk + .010 (wn)

Radial Lens Distortion:

Distortion {um)
Radial Dist. Diag. I Diag. IT Averags

(mm) L f R L R

0.0 0.0 0.0 0.0 0.0 0.0
3.5 30.8 29,2 31.0 30.6 30. 4
7.1 58.1 56.0 56,5 58.6 57.3
10.6 80.8 80.5 82.6 82.3 8.6
141 98.5 92.8 56.5 G8.7 06.6
7.7 101.8 99. 5 100.2 100.6 100.6
al.2 91.7 87.3 95.8 94. 0 92.2
25~7 £5.9 65.5 T2k 68.8 69.2
2 -g 30.1 25.7 2G4 29.3 28.6
31-! -2k 5 -31.5 -27.8 -28,7 -28,1
354 -101.1 -102.5 -103. 4 -105.1 ~103.0
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--A Jeast sauares curve-fitting to the distorticn values was carried
out according to the rcrmula:d

= 34k 10+
& = kv + ka¥ Ksr e .
vhere, & = distortion (um)
r = radial distance (mm)
and, K1, K3, k5 ... = distortion coefficients

The distcrtion ceefficients are:

Ky = 8.85850kx1073
ky = ~1.043391.x10"7
k5 =  0.82216Lx10"9

--Tocation of the Principal Point, PP, (with respect to the built-in
reseau):

A. Principal Distance (inner lens node to the reseau plane)

Kot Applicable

-

B. Principel Point locaticn

V4

/
/
A
CT — o
/ “U// ‘
,,—f«f””" -0 - Lens Node (inner)

CT -~ Central Target

X, ¥ =~ Axes defined by the
reseau crosses.

8




CAMERA CALIBRATION

WILD T-4 GONIOMETER

CAMERA: Hasselblad s/N 1057 . FOR APOLLO MISSION 15
(non reseau) ‘ - .
LENS: (Carl Zeiss S/N 1057 : DATE:  5/2k4 /71

CAMERA SETTINGS: f:11 at oo

--frincipal Distance (inner lens node to the film plane)

PD = .80.657 + 006 (mm)

~-Calibrated Focal Length

CFL = 80.656 + .018 (mm)

Radial Lens Distortion:

Distertion (HM)
Radial Dist. Dilag. I Disg. IT Average

(mm) L [ R L R

0.0 0.0 0.0 0.0 0.0 0.0

3.5 29.7 30.6 33.4 30.0 30.9

7.1 57.1 56.1 58.1 61 2 58.1
310.6 79.4 80.5 Bu. L 85.3 ga.h
k.1 96. h 9k.5 gh.s 100.7 96.5
7.7 99.7 100.1 99.9 104.0 100.9
21.2 93.8 8g.0 93.4 96.7 93.3
2h.7 69,9 68.2 68. 8 73.9 70.2
28.3 31.8 28,1 21.6 35.9 29. 4
31.8 -23.6 -28.5 ~26.5 -22.6 -25.3
35.4 -99,8 -102.5 ~104, k& ~99.3 -101.5

J.

/F




--A least squares curve-fitting to the distortion values was carried
out according to the formula:

- 3 5 +
5 = klr + k3r + Ksr . 1
where, § = distortion (mm)
r = radial distance (umm)
and, Ky, k3, k5 ... = distortion coefficients

The distortion coefficients are:

8. 8819872073

1
ky = -1.039303x1075
k5 = 0.807452x1079

--Location of the Principal Point, PP, (with respect to the buili-in
reseau): ' .

A. Principal Distance (inner lens node to the reseau plane)

= Mot Applicable

B. Principal Peint Location

)’A
/
—/--’-
*
R O
/ . ‘
/ ¥
| 0 =~ Lens Node (inner)
/ (
CT - Central Target
X, ¥ = Axes defined by the
reseau crosses.
x = ———
y = —
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f
STELLAR /CAMERA CALIBRATION

e

.

CAMIRA: Hasselblad  S/N 1026 APOLLO MISSION 15
LEFS: 500 mm (ié/m 1006) DATE OF EXPOSURE: 5/28/71

DATE OF CALIBRATION: 7/9/T%

The aﬁalytical photogrammetric interibr orientation calibratidn of the
Hasselblad camera S/N 1026, lens S/N 1006 system was performed using

image measurement dats derived from a stellar exposure made on the evening
of 28 May 1971. The availability of a calibrated reseau grid system
within the camera and its exposure simultangousl& with the stellar images
provided a basis for data refinement due %o film distortions. By refining
the stellar image data in thg manﬁer,r;he calibration resulis tabulated

will relate to & plane coinciding with that of the reseau plate in the

camera.

The. mathematical solution was ultimately performed with only Tk stellar
images as usable input. This factor coinciding with the image measurements
residual mean error of 8.1 micrometers is considered extremely detrimental

to the integrity of the solution.

)
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1. CALIBRATED FOCAL LENGTH

Q 50&1@ 7

2. «PRINUTPKE“P@lNE‘LOCATION
; D +Q, OOLL wm \ aXp

+0.002 mm Ty,

1

_\\
pe
g
¥

3. RADIAL LEN DISTORTION COEFFICIENTS

K1 = +0.19771.90 x 1071 'S
_ o

K3 = =0,1752154 x 10 GKB

Kg = +0.712466k x 1079 T%s

K = -0.2070659 x 10-2% p

“ K

=

= +0.110 mm

= +0.081 mm

= +0. 081 mm

= +0.4412113 x 1077
= +0.6853863 x 1070
= +0.4851065 x 1077

= +0.8284579 x 1078

DECENTERING LENS DISTORTION CCEFFICIENTS

J, = +0.6005235 x 1070 . ¢p = +0.1159237 x 107
J, = +0.2751371 x 1073V o5, = 30.4878625 x 1073
= +26174381 o, = +11°42690
T4 ? big notch
I./Dl 3i9 r o
P )
& YR K
{
!
f"
U
4
’f
I :'
Sl rotc.n
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STELLAR CAMERA CALTBRATEON

CAMERA: Hasselblad -5/ 1028 APOLIO MISSION 15
LENS: 500 mm S/N 1003 DATE OF EXPOSURE: 5/28/71

DATE OF CALIBRATION: 7/9/71

The ahalytica} photogrammetric interior orientation calibration of the
Hasselblad camera S/N 1024 - lens S/N 1003 system was perfcrmed using
image weasurenment data derived from & stellar exposure made on the evening
of 28 May 1971. The availability of a calibrated reseau grid system
within the camera and its stellar image provided a basis for datg refine-
ment due Lo film diétortions. By refining the steilar image data in this

manner, the calibration results tabulated will relate to a plane coinciding

with that of the reseau plate in the camera.

The mathematical solution was ultimately performed with only 56 stellar
images as usable input. This factor coinciding with the image wmeasurements
residual near error of 9.8 micrometers is considered extremely detrimental

to the integrity of the solution.

23




]

CALIBRATED FOCAL LENGTH

£ = 504,984 mm — Tn

PRINCIPAL ECINT LOCATION

X

o 0.000 wm UXP

Y 0.0C0 mm JY

It

RADIAL LENS DISTORTION COEFFICIENTS
1

D D

+0.175 mm

+0.001 mm

+0. 001 mm

K, = +0.1799903 x 107 oy, = +0-6337937 x 1072
Ky = -0.2060L71 x 107H 7Ky +0.1274k22 x 1077
K, = +0. 3786803 x 1078 T +0.1.098170 x 10’8
X, = -0.kOLT195 x 102k 9 +0.9941123 x 10718
DECENTERING LENS DISTORTION COEFFICIENTS
3, - +0.3959108 x 1077 g +0.2257016 x 1072
3y x
g, = -0.8839593 x 107 oy, = 10.3866210 x 10723
¢ = +227°9693 ¢y = 127931219
+
K Ji tg’,__--m_%__ b‘.‘f} nilch
FOSITIVE i
|
s
[
(/ eSS
/
f
,
!
4
/




STELLAR CAMERA CALIBRATION

CAMERA: Hasselblad S/N¥ 1054 : APOLLO MISSION 15
LENS: 250 wm s/% 1016 DATE OF EXPOSURE: 5/13/71

DATE OF CALIBRATION: 6/9/71

The camera calibration herein documented was performed with data derived
from a stellar exposure made on the evening of 13 May 1971 with the

Hasselblad camera S/N 1054 and the 250 mm lens cone S/N 1016.

The analytical reduction was performed with 27k star image measurements
well distributed over the format of the image frame. The least squares
mathematics of the solution indicated a final mean error of k4.6 micrometers

from the residual values of the imasge measurements.

The attached table is a synopsis of the. interior orientation values as
computed for this camera - lens system. The figure attached illustrates
the orientaticn of the image plane relative to the camersa format during

the calibration procedure.




CALTBRATED FCCAL LENGTH

= +0.0Lk mm

f = 249,414 mm Ta

PRINCIPAL POINT LOCATION

X, = 0.000 . Oy, = 10-0007 mm

‘.{P = 0.00C mm aYP = +0.0007 mm

RADIAL LENS DISTORTIOK COEFFICIENTS

K, = +0.9472912 x 1077 og, = 30-5520711 x 1076

Ky = -0.9123677 x 107 Ty = 201627360 x 10-6

Kg = +0.8352030 x 1079 . 655 = +0.1039468 x 1077

K, = +0.4794406 x 10723 o, = $0.659L6 x 10718

DECENTERING LENS DISTORTION COEFFICIENTS

Jy = +0.1244650 x 1077 aJl = +0.3678752 x 1076
Js = ~0.1709946 x 10739 o5, = x0.8130756 x 1072k
¢ = 32007031 9, = 13765082
9
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STELLAR CAMERA CALIBRATION

CAMERA: Hasselblad S/N 1057 ‘ APOLLO MISSICN 15
TENS: 250 mm S/N 1017 DATE OF EXPOSURE: 5/13/T1

DATE OF CALIBRATION: 6/9/71

The camera calibration herein documented was performed with data derivead
from a stellar exposuse made on the evening of 13 May 1971 with the

Hasseltlad camers S/N 1057 and the 250 mm lens cona S/N 1017,

The analytical reduction was performed with 327 star inazge measurements
well distributed over the format of the image frame. The least sguares
mathematics of the solution indicated a final mean error of 4.8 micrometers

from the residual values of the image measurements.

The attached table 1s a synopsis of the. interior orientation values as
' computed for this camera-lens system. The Tigure attached illustrates the
orientation of the image plane relative to the camera format during the

calibration procedure.
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CALTERATED FOCAL LENGTH

f = 249.650 um o, = '+0.01k mm

PRINCIFPAL POINT LOCATION

X

i

o 0. 000 mm Ty = +0.0007 mm

0.CO0 mm d‘.{ = +0.0007 mm

1

Y
P

RADIAL LENS DISTORTION COEFFICTENTS

K = +0.9193490 x 1072 Tk, = 0.5157790 x 1070
Ky = -0.8474799 x 107 Ty = 20-1709313 x 1076
Ky = +0.5546985 x 1077 Oks = #0.1196325 x 1077
K, = -0.T6TH22 x 10724 kg = #0.68596kk x 10718
DECENTERING LENS DISTORTION COEFFICIENTS

3, = +0.6178938 x 1o"5 S +0.3221639 x 1076
T, = =0.9709k13 x 10737 95, = +0.4199920 x 10723

= 92934537 . o = +2%974806

e
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