Measure each IR sensor using matlab code given in the lab.
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Workspace

[0 a X
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2 0.1000 0.5640 0.2480 0.2906 0.0741 - -
b 0.1100  ©0.5740  ©0.2480  0.295¢  0.0791 EMEG® ||k -
g 0.1200 0.5270 0.2480 0.2883 0.0877 Name = Value
3 0.1300 0.5670 0.2430 0.2306 0.0694 [ results <145 double>
0.1400 0.5000 0.2450 0.2995 0.0681
EDU>> results
results =
1.0e+003 *
9.0100 0.9720 0.6560 0.63977 0.0651
0.0200 1.0230 0.7070 0.7435 0.0630
0.0300 0.8630 0.5570 0.6058 0.0714
0.0400 0.6370 0.4260 0.4698 0.0617
9.0500 0.6010 0.3470 0.4006 0.0730
0.0600 0.5980 0.3000 0.3421 0.0671
0.0700 0.5960 0.2670 0.319% 0.07086
0.0800 0.5530 0.2610 0.3100 0.0732
0.0900 0.4830 0.2470 0.3048 0.0752
0.1000 0.5640 0.2480 0.2906 0.0741
0.1100 0.5740 0.2480 0.2954 0.0791
0.1200 0.5270 0.2480 0.2883 0.0677 E
0.1300 0.5670 0.24%0 0.2906 0.0694
0.1400 0.5000 0.2490 0.29395 0.0681
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Open the results variable in the workspace and copy.
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File Edit View Graphics Debug Desktop Window Help o | A x
ﬁ | & % . | Q ‘ ﬂ © " | Stack:| Base |@ plot(resultsi1:14,1:5]) hd HOH®® @ - Q 5]
BH results <14x5 double>
1 2 3 4 5 6 7 8 9 10 A X | Workspace HO2x o
1 10 972 656 697.7000 65.1000| - - 3 3
2 20 1.0230e-03 707 7435000 63 M 4 ] B [Pl - 3
3 30| 863 557 605.8000 71.4000| Name Value a
4 10 697 426 469.8000 61.7000) FH results <1465 doubles | &
5 50| 601 347 400.6000 73| L 3‘
6 60| 598 300 3421000 67.1000| 3
T 70| 586 267 319.9000 70,6000
8 20| 559 261 310 73.2000|
2 90| 489 247 3048000 75.2000]
10| 100 564 248 290.6000/ 74.1000|
11} 110 574 248 2954000/ 79.1000|
12| 120 521 248 2883000/ 67.7000|
13) 130 567 249 290.6000 69.4000|
14 140 500 249 293.5000 68.1000|
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Paste into the excel sheet as shown. There is room for 20 measurements of the medium range sensor
and 50 measurements of the long range sensor. The average DN vs. distance will be plotted.

Note: The images only show the process for the medium range sensor. The process is similar for the

long range sensor.

A3 hd £ | 10 @
A | B [ C [ D | E | F H 1 J K L M N o] =5
1 |medium range =
_2 dist max min avg sd
3] 10 572 BE6 697 7 55 1
4 20 1023 707 7435 63| =s==medium range ====|ong range
5 | 30 863 557 505 8 714
6 | 40 697 426 469.8 61.7
7 50 601 u7 400.6 73 400
8 50 598 300 3421 67.1
9| 70 596 267 319.9 706
10| 80 559 261 310 732 700
11 90 489 247 3048 752
12 100 564 248 2906 741
13 10 574 248 2964 79.1 600
14 120 527 248 288.3 67.7
15| 130 567 249 2906 59.4
16 140 500 249 2095 a1l 500
17 %
18 s
19 g 400 =
20 g
211 2
22 d?;g renee max min avg sd 00
23
24
= 200
26
& 100
28
29
30 0
31 0 20 40 60 80 100 120 140 16
gg Distance (cm)
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W 4 » M| Data . Linearzation RangeFn Sensitivity . rdata_ rangedata " ¥J [« M | » 1
Select destination and press ENTER or choose Paste Average: 311.8185714 Count: 70  Sum: 218273 |@E|E| 100% (=} y; ()
Switch to the linearization sheet.
A B C D E F G H J
1 Medium )
2 k=104 1/{R+k) Medium Range
3 Range DN y1
4 10 697.7| 0.09615385 012
5 20 7435| 0.04901961
6 30 605.8| 0.03289474 0.1
7 40 469.8| 0.02475243 =
8 50 400.6) 0.01984127 & 0.08
9 60 342.1| 001655629 = _
10 70 319.9 001420455 5 0.06 y=0.00012973569793355100x -0_02954892090??98QlE?fJ’q_[_J,_ -
11 80 310) 0.01243781 E"
12 90 304.8| 0.01106193 § 0.04
13 100 290.6| 0.00396015 5
14 110 295.4| 0.00905797 0.02
15 120 288.3| 0.00830565
16 130 290.6| 0.00766871 0
1;’ 143 299-2 0-00”225} 100 200 300 400 500 600 700 800
19 0 0 i} ADC input (D)
20 0 0 ]




Edit the plot to display only the linear range.

Change k to improve the linearization if desired.

o) e
Wi oo w e ~om bW k=

2 B g
Medium
k=04 1(R+k)
Range y1
10 697.7 0.09615385
20 743.5] 0.04901961
30 605.8| 0.03289474
40 469.8| 0.02475243
50 4006 0.01984127
60 342 1| 001655629
70 319.90 0.01420455
80 310 0.01243781
90 304.8 0.01106193
100 2906 0.00996015
110 2954 0.00905797
120 288.3 0.00830565
130 2906 0.0076RBT1
140 2995 000712251
0 0 i}
0 0 i}
0 0 ]
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y=0.00007794588121231920x - 0.01122461987837150000#~
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Copy the slope from the line equation and paste it into the column next to “m=". Copy the y intercept

from the line equation and paste it into the column next to “b=".
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A B
Medium
k=04
Range DN
10 697.7
20 7435
30 605.8
40 469.8
50 400.6
60 3421
70 319.9
80 310
90 304.8
100 290.6
110 2954
120 288.3
130 290.6
140 299.5
0 0
0 0
0 0

B

1/{R+k)
y1

0.09615385
0.04901961
0.03289474
0.02475248
0.01984127
0.0165562%
0.01420455
0.01243781
0.01106195
0.00996016
0.00905797
0.00830565
0.00766871
0.00712251

0

0

0

Switch to the RangeFn sheet.

y=0.000077945868121231920x - 0.01122461987837150000
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Choose the range over which you will use each sensor based on the %error. This is the error between
the real and calculated distance. In this example the acceptable range is 20-80cm. Change the plotted
data to this acceptable range to check. The two graphs should be very close.

A B c D E F G H J K
1 m= 7.T946E-0¢
2 Medium b= -0.0112246: Medium
3 DN Rangelcalc} Sherror
4 §97.7 10 227705563  -127.71% 90
5[ 743. 201 21.0003797 5.00% %0
6 605.8 30| 27.3816402 8.73%
7 469.8 40| 38.9788303 2,559 70
8 400.6 50| 49.5987497 0.80% — go
g 342.1 60| 64.3640454 3% 5
10 319.9 70| 72.538037 363% gz 20 ===Range(exp)
1 310 80| 76.8880949 3.89% 5 40 === Range(calc)
12 304.8 90 79.3875435 1n79% £ 3
13 290.6 100 B87.1162207 12.88%
12 295 4 110 84.341501 23.33% 20
15 288.3 120 B88.5111943 26.24% 10
16 290.6 130 B87.1162207 32.99% 0
17 2995 140 82.107083 41.35% 0 200 400 600 800
18 0 0 0 0.00%
19 0 0 0 0.00% ADC input(DMN)
20 0 0 0 0.00%

If desired switch to the Sensitivity sheet. This section is not necessary, but may be useful.

A B z D E F G H J K
1 Medium o
2 Range dx/dR Sensitivity
3 10 -23.8964785
4 20 -28.013274 P e pu—rr
5 30 -16.622298
6 40 27334635 0+
7 50 -5.13202237 0 20 40 60 i i A2 140 160
8 60 305871414 .
g 70 -2.41156342
10 80 -2.14773959
11 90 201528578 4
12 100 -1.6750575
13 110 -1.78654732
14 120 -1.62290815 15
15 130 -1.6750575
16 140 188462245
7] 0 0 20
18 0 0
19 0 0
20 0 o 25
21
22 Long 30
éi Range 0 S 0 Distance (cm)



Change the plotted data to the usable range chosen earlier.

A B C D E F G H J K
1 [ Medium |

2 Range dx/dR Sensitivity

3 10 -23.896478¢

4 20 -28.013274 =il e dium ====Long
5 30| -16.622298

6 40| -8.27334635) 0 ¢

7 50l 5 13202237 0 10 20 30 40 50 60 90
8 60| -3.06871414)

g 70| -2.41156342

10 80] -2.14773958

11 90 -2.01628578 4

12 100 -1.6750575

13 110 -1.78654732

14 120 -1.62290815 15

15 130 -1.6750575

16 140 -1.8846224€

17 0 0 -20

18 0 0

19 0 0

20 0 g 25

21

22 Long 30

gi Range 0 Lot 0 Distance (cm)

25 0 0

This graph will display the sensitivity of both sensors. The plots of two sensors from a different rover are
shown below.

018 - I
A B C D E F G H J K
1 Medium
2 Range dx/dR Sensitivity
3 10 -29.3504955
4 20 -33.5752448 e [|] £ UM s——_ong
5 30 -20.6558681
6 40 11845456 O -
7 60 -7.4053003 0 50 200 250 300 350
8 60 -4.94899731 5
g 70 -3.50005343
10 80 -2.62765636 -10
1 90  -1.980456
12 100 -1.54900326 -15
13 110 -1.18734755
14 120 -0.94928353 20
15 130 -0.74899329
16 140 -0.59265122 25
17 0 0
18] 0 0 30
19 0 0
20 0 0 35
21
22 Long 40
23 Range dx/dR .
24 10 -1.64315837 Distance (cm)
25 20 -3.95869529
26 30 -8.16539643

27 40 -9.66551149



Switch to the rdata sheet. Enter the acceptable range chosen earlier. In this example only 20-80cm is
acceptable. At 80cm the sensor measured a digital number of 310, and at 20cm the sensor measured
about 740.

Llipooara ront Allgnment Mumper 3TYIE
N4 - I
A 5] C D E F G H I J
1 0 80 300 Acceptable range min DN at min max DM at max
2 1 80 300 (approximate) (approximate)
3 2 20 200 Medium 20 740 80 310
[a] 3 a0 300 Long 70 1000 300 430
b 4 80 300
6 5 80 300
7 6 80 300 Create rangedata.h
B 7 80 300
9 8 80 300
10 9 80 200
11 10 L] 300
12 11 80 300
13 12 80 300
14 13 20 200
15 14 80 300
16 15 80 300
17 16 80 300

Click “Create rangedata.h”.

rangedata.h should be in the same folder as the excel file.



Double check the results. The original measurements are shown on the left for reference. Rdata is
shown on the right.

Column B corresponds to the distance measured by the medium range sensor. Column A corresponds
to the digital number measured. As shown, at the maximum DN of 740, the approximated range is
21.126cm. This is close to the measured DN of 743 at 20cm.

Similarly, at a DN of 310, the approximated range is 76.9cm. This is close to the measured DN of 310 at
80cm.

A4 - F | 20
A B C D E

1 medium range [E] 730 z1.4333%63

2 |dist max min avg sd 732 731 z1.4s560983

3 10 972 656 697.7 651 733 732 z1.4183283

E 1023 707 743 5 g3 134 733  z1.zs1s24

5 30 863 557 6058 714 T35 734 z21.3445682

6 40 697 426 469.8 §1.7 736 735 z1.3081714

7 50 601 347 400.6 73 137 736 z1.z71s018

8 60 593 300 342 1 67.1 7138 737 z1.z3435¢

9 70 596 267 319.9 706 739 738 z1.1385332

10 80 559 261 310 732 140 733 21.1822323

11 90 489 247 304.8 75.2 14| 740 21 1280s42]
12 100 564 248 2906 741 742 741 20

13 110 E74 248 295 4 791 743 742 20

14 120 E27 248 2883 677 Td4 743 20

15 130 E6T 249 2906 59.4

16 140 500 249 2995 68.1

= 2 5 c 5 = 305 304 &0
1 medium range gg? ggg :z
2 dist max min avg sd 308 307 a0
3 10 g72 656 6977 65.1 — 208 o
4 20 1023 707 7435 63 31 209 -
5 30 863 557 605.8 714

6 40 £97 476 169 8 617 31| 310 76_sazosasl
7 50 601 U7 4006 I S re-zeats
8 60 598 300 3421 671 — M3 1039
g 70 596 267 319.9 06 18 75 oss1an
) N 559 261 - 132 34 315 73 sas1381
11 90 489 247 304.8 12 S5 e ;4':;191__
12 100 564 248 290.6 741 G 7 j3'"ﬂh3?f
13 110 574 248 295 4 791 — s 333“11
14 120 527 243 288.3 67.7 259 319 72 s1a16as
15 130 567 249 290.6 694 350 320 25 s5ccean
15 140 500 249 2995 65.1 = 321 75 aaa72es



The contents of rangedata.h are shown below. Note that the name of the medium range data must be
different than that of the long range data.

F =~

- i =NREN X
_| IR rangedata - Notepad —— A Se as

const int medium_range_length=1024;
const unsigned int medium_range_data[] PROGMEM

},80,80,80,80,80,80,80,80,80,80,8
o,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80
,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,
80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,8
o,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80
,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,
80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,8 |
o,8&0,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80
,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,
80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,8
o,8&0,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,80,76. 88
809494 ,76.42527729,75.96796955,75. 51607391 ,75.06949485,74.6281391,74.19191555,73. 7607
352,73.3345111,72,.91315828,72.4965937,72.08473621,71.67750647,71. 27482692 ,70. 87662171
,70.4828167,70.09333933,69. 70811867 ,69. 32708532,68.95017136,68. 57731036,68. 20843728,6
7.8434885,67.48240172,67.12511596,66.77157151,66.42170992,66.07547394,65.7328075,65.3
9365568,65.05796469,64, 72568182,64.39675543,64.07113493,63. 74877071,63.42961419,63.11
361771,62.80073458,62.49091901,62.18412611,61. 88031186,61.57943309,61. 28144745,60. 986
31343,60.69399027,60.404438032,60.11761747,59. 83349013, 59, 55201826, 59. 27316479, 58. 9968
9336,58.72316827,58.45195449,58.1832176,57.91692384,57.65304003,57.3915336,57.1323725
9,56.87552556,56.62096168,56. 36865062,56.11856262,55. 87066843 ,55.6249393,55. 381347 ,55
139863rr,54.90046233,54.5531159,54.42??9811,54.1944830?,53.95314532,53.?33?5983,53.5
0630199 53.28074761,53.05707289,52. 83525444 ,52,61526923,52. 39709464 ,52.18070841,51.96
608863,51.?53213??,51.54206262,51.33261435,51.12484842,50.918?4466,50.?1428319,50.511
44447 ,50.31020925,50.11055859,49.91247386,49.71593669,49. 52092902 ,49, 32743308,49.1354

m

- j ==l
_| IR rangedata - Notepad —— A Seae o e
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1.68180939,21.6438678,21.60605636,21. 56837441,21,5308213,21.49339635,21.45609891,21.4 .
1892834,21.38188399,21. 34496521,21. 30817137,21. 27150183,21. 23495597 ,21.19853316,21.16
223278,21.12605422,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,
20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,2
0,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20
,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,
20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,2
0,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20
,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,
20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,2
0, 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20
0,20 20 20 20 20 20 20 20 20 20 20 20 20 20

m

const int range _length=1024;
const uns1gne 1nt range_ data[] PROGMEM =
v st 00, 300, 300,300,300, 3200,300,300,300,300,3
00,300,200,300, 200,300, 300,300, 300,300,300, 200,300, 300,300, 300,300,300, 300,300,300, 30
0,300,300,3200,300,300,300, 300, 300,300,300, 300,300,300,300,3200,300,300,300,300,300,300
,300, 300, 300,300,300, 300,300, 300,300,300, 300, 300,300,300, 300,300,300,300,300, 300,300,
300,300, 300, 300, 300, 300, 300, 300, 300, 300, 300, 300, 300, 300,300, 300, 300, 300,300, 300,300,3
00,300,200,300, 200,300, 300,300, 300,300,300, 200,300, 300,300, 300,300,300, 300,300,300, 30
0,300,300, 300,300,300, 300, 300, 300,300,300, 300,300,300,300, 300,300,300, 300,300, 300,300
,300, 300, 300,300,300, 300,300, 300,300,300, 300, 300,300,300, 300,300,300,300,300, 300,300,
300,300,300, 300,300, 300, 300,300,300, 300,300, 300, 300, 300, 300,300, 300,300,300,300,300,3
00, 300,300,300,300, 300, 300,300,300, 300, 300,300,300, 3200,300,300,300,300,300,300,300,30
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172,89.66327676,89.47309837,89, 28372145,89, 09514094 ,88.90735185,88,.72034918,88. 534128 .
01,88.34868346,88.16401067,87. 98010484 ,87.7969612,87.61457502,87.43294161,87. 25205632
,87.07191454,86.89251169,86. 71384324 ,86. 53590468, 80. 35869156,86.18219944 ,86. 00642393,
85.83136069,85.65700538,85.48335372,85.31040146,85.13814439, 84, 96657831, 84,79569909,8
4.62550261,84,45598477 ,84, 28714154 ,84,11896889,83.95146283,83. 78461941 ,83.6184347,83,
45290482 ,83. 28802589,83.1237941,82. 96020562 ,82. 7972567 ,82.63494358,82.47326256,82. 312
20995,82.15178209,81.99197536,81. 83278615,81.67421089,81. 51624603,81. 35888807 ,81. 2021
335,81. 04597887 ,80. 89042074 ,80.73545569,80, 58108033,80.42729132,80.27408532,80,121459
01,79.96940912,79,.81793238,79.66702556,79. 51668545,79. 36690886,79. 21769263,79. 0690336
2,78.92092872,78.77337483,78.62636889,78.47990784,78. 33398867 ,78.18860837,78.04376396
,77.89945249,77,75567101,77.61241662,77.46968642,77.32747755,77.18578714,77.04461237,
760.90395042,76.76379852,76.62415389,76.48501378,76. 34637540,76. 20823623,76.07059338,7
5.93344426,75.79678621,75.6606166,75. 52493281 ,75. 38973224 ,75.25501233,75.12077051,74.
98700424 ,74,85371101,74.72088829,74, 58853362,74.45664451,74,32521852,74.19425321,74.0
6374616,73.93369498,73. 80409727 ,73. 67495067 ,73. 54625284 ,73.41800142,73.29019411,73.16
28286,73.03590261,72.90941386,72.7833601,72.65773909,72.53254861,72.40778643,72. 28345
038,72.15953827,72.03604793,71.91297723,71.79032401,71. 66808616,71.54626158,71. 424848
17,71.30384385,71.18324656,71.06305426,70.94326489,70. 82387645,70.70488691,70. 5862942
9,70.4680966,70. 35029187 ,70.23287815,70.1158535,69. 99921597 ,69, B8296366,69.76709465,6
9.65160707,69. 53649902,69.42176863,69. 30741406,69.19343346,69. 079825,68. 966586E85,68. 8
5371721,08.74121429,68.6290703,68.51730146,68. 40588803 ,08. 29483423 ,08.18413835,068.073
79864 ,67.9638134,67. 85418092,67. 7448995,67.63596746,67. 52738313,67.41914484,67. 311250
95,67.20369981,67.0964898,66. 98961928,66. B8308666,66.77689033,66.6710287,66. 56550019,
6.25089775,66.14668613,70,70,70,70,70,70,70,70,70,70,70,70,7 |=
, 70,70

-

const int medium_range_length=1024;

const unsigned int range_data[] PROGMEM = {
}:

const int range_length=1024;

const unsigned int range_data[] PROGMEM = {

¥



