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A Study on Accuracy of Position Analysis by Non-metric photo
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Abstract

The purpose of this study is to analyse the accuracy of non-metric photos by close-range photogrammetry. Close-
range photogrammetry using non-metric photos is economical and convenient to handle, but it is insufficient of
study on accuracy. To execute this study, first, the terrain model was made and then taken photographs of this
model with metric and non-metric cameras. The Bundle adjustment and the Direct linear transfomation methods
are used for the analysis close-range photogrammetry. The results of the analysis showed that the Bundle ad-
justment method is a appropriate method for the analysis of the non-netric photo. Therefore, we concluded that
the accuracy of the non-metric photo by close-range photogrammetry is applicability for the photogrammetry.
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4.1.3 #=717]

£ AYL gt A5l AHE F871715= P31 Ter-
restrial camera, ASAHI PENTAX(6x 7)Camera, MK-2
mono Comparator, Theodolite, Level, Steel tape S]],
Cameras} Comparator 9] 7=8.4|9)-2 t}&-7} 7t}

1) Terrestrial Camera (Metric Camera)

Camera type : WILD P31
Lens type : F 8/10 cm
Lens NO. : NO.57336

_99_

Principal distance for focussing distance :
25m: 99.67 mm

Principal Point of autocollimation (P.P.A) :
-0.002 (mm)(X), +0.003 mm(y)

Principal Point of symmetry (P.P.S):
-0.012 (mm)(X), -0.000 mm(Y)

o] ARAl719 A &9} Lens2] WAl W}ekxt: Fig.3w}
2}

2) ASAHI PENTAX (Non -Metric Camera)

Camera type : ASAHI PENTAX (6X7)
Lens type : F 6/10 cm
Lens NO. : NO.296023

3) Comparator

Comparator type : MK-2 mono Comparator
Resolution : 0.001 mm

Precision : 0.002 mm

X,Y format : 23 em X 23 cm

Magnification : 16 X

Biased error : Dx =-0.3 m

Dy=-0.4m

Standard deviation : X=0.7 m

Y=0.8m

Calibration : Xc =a,+a,xc+asyc

Yc =b,+b,xc+b;yc
a,=1.63448

a, = 1.00005

a; =-7.36504E-05
b; =2.18432

b, = 1.00002

b; = 3.060204E-05

4) 71ebE=717]

Theodolite (WILD T2 12%-): 2t}

Exposure meter (Made in Germany Meaeuring

angle 30°) : 17}

Lighter (500W x 1) : 1)
Lighter (200W x 2) : 1t}
Staff (Aluminium) : 1)
Steel Tape : 17}



Table 1. Results of control point surveying

Horizontal angle

vertical angle

Station XL (Cm) YL(Cm) Z1{Cm)
STATION "A"  STATION"B" STATION "A" STATION "B"

1 275-49-00 73-45-59 81-57-40 85-58-48.7 51.8379 72.2402 91.1373

2 278-22-54 76-11-07.5 81-54-10 82-39-55 749376 73.1410 93.3962

3 280-50-00 78.32-58.4 82-14-53 82-53-16.1 97.1597 70.3699 92.2760

4 281-47-36 79.29.53 82-51-34.5 82-57-11 105.9404 69.5342 92.5965

5 284-18-56 82-02-51 82-34-12 83-02-32.4 129.2468 68.1668 93.5190

6 286-48-26 84-45-08.5 82-33-31 82-53-48 153.3661 69.2765 92.2577

7 286-03-35 83-55-23.2 83-36-11 84-01-13 146.0047 59.1715 92.8167

8 284-29-21 82-08-50.8 83-46-25 84-16-10.7 129.8545 57.2602 91.3950

9 282-29-22 80-04-54 83-05-21.5 83-39-34.8 111.2981 62.9462 92.7198
10 280-41-27 78-26-04.9 83-42-28 84-21-13.0 95.9704 57.0432 91.6448
11 279-01-55 76-37-31 83-20-48 84-04-21.2 80.1343 59.5437 95.8705
12 278-16-30 75-59-15 83-26-23 84-11-29.2 74.6400 58.8415 93.6686
13 277-23-17 74-57-11 82-58-46.5 83-47-12.0 65.0778 62.3235 93.1088
14 276-04-20 73-51-09.9 83-45-05 84-34-53 53.7392 55.6247 94.8317
15 277-20-44 75-04-04 84-18-34 85-04-52 65.1735 50.7953 94,4293
16 279-30-16.5 77.13-41 84-12-27 84-54-04 84.9646 521975 92.5196
17 275-56-22 7347-53.1 85-06-42 85-55-45.8 52.7298 43.5818 93.1570
18 276-46-44 74.41-413 86-05-04 86-49-12.3 60.5648 35.1192 90.4923
19 278-08-05 76.02-53.1 85-23-16 86-06-05.5 73.0445 46.6441 88.9829
20 278-50-59.5 76.39-35.2 85-52-16 86-33-41.2 79.2703 37.1955 90.8746
21 280-26.46.5 78-09-06 85-32-56.5 86-12-07 93.5502 40.1627 90.5923
22 281-49-11 79-28-47 85-01-16 85-37-56.1 105.9663 45.0684 03.6699
23 282-50-36 80-35-07 84-43-45 85-18-08.1 115.7888 48.0551 92.1313
24 284-29-35 82-21-13.6 85-14-18 85-45-46.9 131.6338 41.8137 90.7541
25 285-54-11 83-49-40 84-41-07 85-08-30 144.9729 41.2183 91.1704
26 286-47-54 84-46-07.6 85-30-43 85-58-26 153.4587 41.6785 91.6675
27 286-38-19 84-28-22.2 87-42-46 88-16-25 151.0798 21.0742 94.4574
28 283-54-06.5 81-40-49 87-26-35 88-02-09 125.7202 23.2677 92.0566
29 281-07-53 78-52-32.1 87-21-47 88-00-00 100.0320 23.6835 91.6062
30 279-36-42 77-27-53 87-30-19 88-09-38.5 86.4702 22.5634 89.3888
31 277-55-27 75-35-36.9 88-03-21 88-43-06 70.2867 17.3064 95.0351
32 275-58-46 73-59-19 87-44-01 88-26-03.5 53.4800 20.3181 89.4072
33 277-08-50 75-00-18 88-31-10 89-11-15.1 63.7730 13.2479 91.4167
34 276-01-55 73-50-22 90-51-20 91-27-04.7 53.4421 -7.5946 92.2453
35 277-27-08.5 74-59-17.1 90-47-11 91-24-02.8 65.5707 -6.9392 93.7205
36 279-34-29 77-15-38.8 90-58-39 91-36-01.9 85.4606 -8.7665 93.3658
37 281-22-12 78-52-18 90-12-30 90-51-00 101.1022 -1.8648 97.2301
38 282-18-31 .79-39-18 90-38-03 91-17-14 108.7332 -5.6457 101.6650
39 284-10-41 81-46-14 88-47-33 89-24-49.7 127.1875 10.9451 96.5497
40 284-03-26.5 81-12-324 91-08-37.5 91-46-26 123.6383 -10.1626 106.2207
41 285-20-30 82-50-25 90-03-10 90-42-31.5 137.1871 -04716 99.9583
42 286-42-08 84-31-58 90-30-45 91-10-55.9 151.6324 -4.7194 94.6537
43 285-50-27 83-31-32.7 92-02-56 92-46-15.9 142.8629 -18.7238 96.5027
44 286-44-20 84-36-36.4 93-35-23.5 94-22-30 152.2406 -33.1623 93.8047
45 283-54-17 81-28-47.3 93-21-13 94-03-43.2 124.7746 -30.3191 97.8655
46 282-33-51 79-50-20.5 92-15-54 92-56-02 110.8543 -20.1558 102.6057
47 281-25-50 78-53-57 93-20-33.5 93-09-07 101.4455 -29.9296 97.7027
48 279-29-54.5 77-12-13.8 93-19-03.5 93-54-36.9 84.8369 -29.8015 92.9510
49 277-53-30 75-36-05 93-27-56 94-00-44.5 7-.1229 -30.9291 941115
50 276-02-42 73-50-49 93-28-15 93-58-25 53.5467 -30.8394 94.3586
51 276-46-47.5 74-25-08 91-45-285 92-20-30 59.7813 15.5416 97.1532
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Fig. 4. Condition of photographing and observation.

Table 2. Number of photo according to
exposure station

Exposure Metric photo Non-metric photo
station  Horizontal Convergent Horizontal Convergent

1 3111 3112 67-1 6710
2 3113 3114 6702 6711
3 3115 3116 6703 6712
4 3117 3118 6704 6713
5 3119 - 6705 -
6 3120 3121 6706 6714
7 3122 3123 6707 6715
8 3124 3125 6708 6716
9 3126 3127 6709 6717
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Table 3. Value of exterior orientation elements
(metric photo)

Table 4. Values of exterior exterior orientation
elemenrs (non-metric photo)

No. of Xi(em) Yo(cm) Zocm) @, ¢0 K,

photo (Radian) (Radian) (Radian)
3111 5254 6740 491.04 O 0 +3.1416
3112 5254 6740 491.04 -0.1100 -1244 +3.1416
3113 10254 6740 49104 0 0 +3.1416
3114 10254 6740 49104 -0.1100 ©  +3.1416
3115 15224 6740 49104 O 0 +3.1416
3116  152.54 6740 491.04 -0.1100 +0.1244 +3.1416
3117 5254 6740 49104 0 0 0
3118 5254 1740 49104 0 +0.1244 0
3119 10254 1740 49104 0 0 0
3120 15254 1740 49104 0O 0 0
3121 15254 1740 49104 0 +0.1244 0
3122 5254 1740 49104 O 0 0
3123 5254 -3260 491.04 +0.1414 -0.1244 0
3124 10254 -3260 49104 0O 0 0
3125 10254 -3260 491.04 +0.1414 0 0
3126 15254 -3260 49104 0 0 0
3127 152.54 3260 491.04 +0.1414 +0.1244 0

No. of Xy (cm)Y, (cm) Zy (cm) ), 4, K,
photo (Radian) (radian) (Radian)
6701 5254 6740 49104 0 0 0

6715 52.54 -32.60 491.04 +0.1244 -0.1244
6716 10254 -32.60 491.04 +0.1244 0
6717 15254 -32.60 491.04 +0.1244 +0.1244

6702 10254 6740 491.04 0 0 0
6703 15254 67.40 491.04 0 0 0
6704 52.54 17.40 491.04 0 0 0
6705 102.54 17.40 491.04 0 0 0
6706 15254 17.40 491.04 0 0 0
6707 52.54 -32.60 491.04 0 0 0
6708 10254 -32.60 491.04 0 0 0
6709 15254 -32.60 491.04 0 0 0
6710 5254 6740 491.04 -0.1244 -0.1244 0
6711 01254 6740 491.04 -0.1244 +0.1244 O
6712 15254 67.40 491.04 -0.1244 +0.1244 ©
6713 52.54 17.40 491.04 0 -0.1244 0
6714 15254 17.40 491.04 0 +01244 0
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Table 5. Comparison of results by Bundle
adjustment with DLT (unit :

Table 6. Averge standard error of metric
with non-metric photo

Condition  Adjustment
of of
photographing method

S

Condition of Adjustment Standard error

R ks
photographing of method S. S, S, emar

P

0.317 0.322 1.764

0.257
0.237

Metric photo  Bundle 0.270 0.275 1.592 1.638
DLT  0.325 0.287 2.062 2.110
Averge 0.298 0.281 1.827 1.875

0.388
0.318

0.268 0.239

Non-Metric Bundle 0.274 0.279 1.787 1.829

W NAE WNE W N

0.343
0.260
0.220

w N

0.324
0.321
0.283

Bundle
Metric photo
DLT
Bundle
Non-metric
photo
DLT
30+
? [ oo—
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photos
Ad justrment
e thoa Bundie

Fig. 5.Comparision of results by Bundle adjustment
with DLT (metric photo)
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Fig. 6. Comparision of results by Bundle adjustment
with DLT (non-metric photo).

photo DLT  0.336 0.281 2.266 2.301
Averge  0.305 0.280 2.027 2.065
Averge 0.302 0.281 1.927 1.970
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Table 7. Standard error distributions of different of
arrangement of control points (non-metric photo)

Arrange-
ment  Seand-

of ad © @ ® ® ® ® Av

con.trol error
point

Case 1 Sx 0.537 0.311 0.419 1.053 0.724 2.013 0.843
Sy 0548 0.236 0.416 1.334 0.794 2.034 0.859
Sz 3.300 2.101 0.338 8.012 4.602 12.187 5.590
Sp 3398 2.150 3.392 8.151 4.727 12.526 5.724
Case 2 Sx 0.322 0.276 0.946 0.792 0.257 2.519 0.852
Sy 1309 0291 0962 0.712 0.270 2.638 0.864
Sz 1968 1.757 7.592 5.512 1.580 14.266 5.446
Sp 2.019 1.803 7.716 5.617 1.624 14.730 5.585
Case 3 Sx 0206 0373 0.213 0.252 0.278 0.521 0.307
Sy 0.213 0.360 0.227 0.245 0.295 0.522 0.315
Sz 1368 2.415 1.736 2.009 1.716 2.962 2.034
Sp 1.400 2.471 1.746 2.041 1.763 3.058 2.083
Case 4 Sx 5.628 0.243 0.436 0.256 0.291 0.902 1.293
Sy 4.600 0.246 0.406 0.233 0.317 0.908 1.118
Sz 32574 1.596 2.928 1.847 1.747 4912 7.701
Sp 33.383 1.634 2.989 1.881 1.800 5.078 7.794
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Fig. 7. Conditions of photographing
(metric and non-metric camera).

4.2.3 $HAR T FHAA ] A LAHEA

A8 AREEA #edubd e dubog Fig
79 @, @ 9 & FedxAoz 2Hslo] govt, &
el 27 A3e EAa) $isted, Fig. 79 ),
@, ®, ®=} 7o) 2AE HWAANA FJslglo 2zt
2] %ol Y FFeAE P s}

Fig. 7ol|4] &edAtel @ of 57 AAY A9 &
Fig. 49] Z}&dd (h=1.6 m)S 4102 F-9x}21A
2] 1mellA gzl o g #G3 H$o)n, 944
Apzle] Aol 2 A ollA] BT ARRlo|t}

oA 9] sl Azl el 790l Fig. 49| &
3 d(h=1.6 myE FAo=2 AsiazlAZ] 1.0 mo

Arrongement

af control point

CASE case I CASE DR CASE IT CASE IV

Fig. 8. Arrangement of control points.

Al FEoR FAF Ao sl Alale] 75
= 22 YA oA F G ARRle| ).

) B izt abale] 7ol Fig. 49]
F#3H (h=1.6 myS FA 22 A9-3F94 7 5155
gy 47 YA Fedgh 73900,z
FHARRL] 7 Soll= 2t 2 AN sHEGT
Apzle)ct.

W &A1 A R EEY S A A7)
AREG Hex WEAIAA & sassch
7154 wix| e Fig. 83} Zto] 471A] e 2 WA
713 ARl Zed el Fig. 73 o] 671x] JeH 2 wish
AlA Zkzte] 755 2§l 24714 el disied
AXHAE 3kl ond, 2 A= Table 71} 7},

Fig. 89| 71%4 wllx|gelol| lei*] CASE I,CASE
IL,CASE IlI= 52317} =4 vheyten] CASE I
2] A7t AEIE FEA S Eole X P2 o
ehgtet

7123 7} F5 3 case M2 739 714 B3F
3+ Fig. 72] @4 #3Ae9 A Ax2FL3 27]
£ 3.058 mm, 7|54l Fel7} BeFgl CASE 119
A5 7 B O #9499 39 xgF o4t
A7)E 33.383 mmEAN 7|2 H |7} B3 FSdl=
oF 10.98) Z7]¢] FF 22} WA= T Q18-S o< 9l
Sith. CASE I119] 797} 71 o] A ]l 7154 wlA
Yejo] 22, CASE Illo) tste] ZratedAlelof] i3t &
FoAE A AAE S5 AR epid
Table 83} 7k},

54 B

aAYAREG slold AAAel E2, 44 &
A 4 Qe MZEEANE2AY RS B
k] Axaae] olgna, 2dAYE B4 AYY
ASEA S Eoje] ollo} 2 AEL )

1) eANN AT 25U F@ERR) BRSO

-104-



Table. 8. Order of excellent Condition for photographing.

Order 1 2 3 4 5 6

Condition of photographing Left-right Diagonal Upper-lower  Upper-lower Left-right Diagonal
horizontal horizontal Convergent convergent Convergent Convergent

Sx 0.266 mm 0.278 mm 0.213 mm 0.252 mm 0.373 mm 0.521 mm

Sy 0.213 mm 0.295 mm 0.227 mm 0.245 mm 0.360 mm 0.552 mm

Standard error )

Sz 1.368 mm 1.716 mm 1.736 mm 2.009 mm 2.145 mm 2.962 mm

Sp 1.400 mm 1.763 mm 1.764 mm 2.401 mm 2.417 mm 3.058 mm
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