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A Remote Measurement of Water Level Using Narrow-band Image
Transmission

Kijoong Kim*, NamKi Lee’, Youngjoon Han"" and Hernsoo Hahn"*

ABSTRACT

To measure water levels from remote cites using a narrowband channel, this paper developed a difference image
based JPEG communication scheme and a water level measurement scheme using the sparsely sampled images in time
domain. In the slave system located in the field, the images are compressed using JPEG after changed to difference
images, among which in a period of data collection those showing larger changes are sampled and transmitted. To
measure the water level from the images received in the master system which may contain noises caused by various
sources, the averaging scheme and Gaussian filter are used to reduce the noise effects and the Y axis profile of an edge
image is used to read the water level. Considering the wild condition of the field, a simplified camera calibration
scheme is also introduced. The implemented slave system was installed at a river and its performance has been tested

with the data collected for a month.

Key Words : Water level measurement (5= 71 %), Difference image (23 4}), Narrow band image transmission &
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Table 1 Specification of an image send-receive system

Fig. 8 Difference image extraction
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Camera SCC-B2305 (Zoom: GL-A80Z10C - 10 ©})
Pentium 4 (1GHz) , Memory : 512 M
Computer HDD : 250Gbyes * 2, OS : Windows XP Pro
SP2
Frame Matrox CronosPlus
rabber 640 * 480, 12.27Mhz
& (similar NTSC resolution and frame rate)

Table 2 Specification of a wireless modem

Frequency Range 150-170 MHz
Channel Spacing 6.25 kHz
. . DBPSK, DQPSK, D8PSK, and
Modulation technique D16QAM
Max. distance range 50 miles / 80 km
Maximum data transfer
rate 9.6Kbps
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Table 3 Experimental result of camera movements
(a) Rotation results

Experimental environments[deg] Avg. err. | Variance
Pitching | Yawing | Rolling | L9¢8] [deg’)
+10 0 +10 0.86 1.03
0 +10 +10 0.94 1.05
+10 +10 0 0.98 1.06
No movements 0.03 1.05
Average 0.14 1.04
(b) Translation results
Experimental environments[cm] Avg. err. | Variance
X axis Y axis Z axis om] [em’]
+200 0 +1500 0.88 1.89
0 +1000 +1500 0.94 2.10
+200 +1000 0 0.96 2.17
No movements 0.57 1.13
Average 0.83 1.82

Table 4 Experimental results about moving point

Experimental environments Avg. err. | Variance
2
Camera position Translation fem] om’]
+250 0.60 1.31
T(700,-1300,3000)
+500 0.59 1.40
R(25,-15,-90)
+750 0.56 1.15
Average 0.58 1.29
+250 0.83 1.93
T(700,-1300,5000)
+500 0.75 1.86
R(14,-8,-90)
+750 0.72 1.98
Average 0.77 192
+250 1.29 2.51
T(700,-1300,7000)
+500 1.16 2.03
R(10,-6,-90)
+750 1.08 2.13
Average 1.18 222
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ZEjol A (700, -1300, 3000), (700, -1300, 5000), L&)
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Table 5 Average compressibility by image quality

Reference Difference
Q image image
(Kbytes) (KBYTES)
100 50 30
90 24 14
80 13 10
70 11 4
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(c) Horizontal edge image

(d) Y axis profile
Fig. 10 Images used in the experiments
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Table 6 Water level measurement per hour on sunny day TE ATE EAo
Ultrasonic Sensor Image Sensor
Time E(::;e)s Measure Abs. Measure Abs. 5' Q'E
ment{m) error(m) ment(m) error{m)
600 | 154 | 156 0.02 1.55 0.01 - 3 . .
7:00 | 150 | 1.50 0.00 150 0.00 2 =EqAE 7€YY 9% T4 ASdA &
8:00 | 148 | 146 0.02. 147 0.01 11]7} S8 Br4AQ S£9¥ A, g A
9:00 | 142 | 141 0.01 1.42 0.00 . aro Lo gL molo
10:00 | 138 | 139 | 001 | 139 | o001 SR, agu fEBel g4 Adehe FHEA
1:00 | 137 | 137 0.00 137 0.00 & 2. sde nye %Z AE ALgsl
12:00 | 137 | 138 0.01 137 0.00 o ¥sgom stugio)a 2 Qe Ao
13:00 | 139 | 140 0.01 142 0.02 o1
1400 | 142 | 143 | 001 144 | 002 ETH'”“E%Qﬂmﬁ]Q”Vﬂ o A 3
15:00 | 143 | 143 0.00 141 0.01 A& JPEG Woz ¢Fstd 94 dolHe 3
16:00 | 145 | 145 0.00 144 0.00 718 2902x Fud Ao FB glo] T3
1700 | 146 | 147 0.01 1.46 0.00 ' -~ L
18:00 | 146 | 146 | 000 | 146 | 000 AR FAL M P& AU & 2
19:00 | 143 145 0.02 1.44 0.01 ToAM Adsls Y AZSA2ELE duizxoz
Avg. 0.0076 0.0064 Z2 A]-%—E]‘_ 2L ;‘(1]]_/\-]5_1;], _,_./r:z:s_]. A5 B
At

Table 7 Water level measurement per hour on rainy day

Ultrasonic Sensor Image Sensor

Time Eyes
(m) Measure Abs. Measure Abs.
ment(m) error(m) ment(m) error(m) |

6:00 4.94 4.97 0.03 4.96 0.02
7:00 4.90 4.92 0.02 4.91 0.01
8:00 | 489 4.90 0.01 491 0.02
9:00 | 4.88 4.90 0.02 4.90 0.02
10:00 | 4.87 4.85 0.02 4.89 0.02
11:00 | 4.82 4.80 0.02 4.85 0.03
12:00 | 479 4.82 0.03 4.81 0.02
13:00 | 4.76 4.79 0.03 4.78 0.02
14:00 [ 4.70 4.72 0.02 4.73 0.03
15:00 | 4.70 4.73 0.03 4.71 0.01
16:00 | 4.69 4.72 0.03 4.72 0.03
17:00 | 4.66 4.68 0.02 4.68 0.02
18:00 | 4.64 4.67 0.03 4.66 0.02
19:00 | 4.62 4.63 0.01 4.63 0.00
Avg. 0.02285 0.01928
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