
 1

Final Examination    AI and Neuro-Fuzzy Theory AT07.24   May 8, 2015 
    

Time: 9:00-11:00 h.                     Open Book 
               Marks: 100 

Attempt all questions. 
 

Q.1 Determine membership function of the required centripetal force, ܨሺݔሻ ൌ
௠௩మ

௥
,  used to make 

5-kg mass, m, follow a curved path with about 2-m radius at about 3-m/s velocity. Membership 

functions for the fuzzy numbers of about 2-m radius, ݎሺݕሻ, and about 3-m/s velocity, ݒሺݖሻ are 

given below.                (25) 

 

 

 

 

 

 

 

 

 

 

 

 

Solution 

When 1.75 ൑ ݕ ൑ 2,  
ሻݕሺݎ ൌ ݕ4 െ 7                   (1) 

When 2 ൑ ݕ ൑ 2.25,  
ሻݕሺݎ ൌ െ4ݕ ൅ 9                   (2) 

ఈݎ ൌ ቂ
ఈା଻

ସ
,
ଽିఈ

ସ
ቃ                            (3) 

          r(y), Degree of Membership of 
                about 2-m radius 
 

                   1         
 
 
 
                  
 
 

 

                    0                                                                                                     y, radius (m) 
                          0            1.75                    2                   2.25             

          v(z), Degree of Membership of 
                about 3-m/s velocity 
 

                   1         
 
 
 
                  
 
 

 

                    0                                                                                                     z, velocity (m/s) 
                          0            2.50                    3                   3.50             
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When 2.5 ൑ ݖ ൑ 3,  
ሻݖሺݒ ൌ ݖ2 െ 5                   (4) 

When 3 ൑ ݖ ൑ 3.5,  
ሻݖሺݒ ൌ െ2ݖ ൅ 7                   (5) 

ఈݒ ൌ ቂ
ఈାହ

ଶ
,
଻ିఈ

ଶ
ቃ                              (6) 

ሺݒଶሻఈ ൌ ቂ
ఈమାଵ଴ఈାଶହ

ସ

ఈమିଵସఈାସଽ

ସ
ቃ           (7) 

ቀ
௩మ

௥
ቁ

ఈ

ൌ ቂ
ఈమାଵ଴ఈାଶହ

ଽିఈ

ఈమିଵସఈାସଽ

ఈା଻
ቃ           (8) 

ቀ
௠௩మ

௥
ቁ

ఈ

ൌ ቂ
ହఈమାହ଴ఈାଵଶହ

ଽିఈ

ହఈమି଻଴ఈାଶସହ

ఈା଻
ቃ                       (9) 

ହఈమାହ଴ఈାଵଶହ

ଽିఈ
ൌ 13.89 ;ݔ ൑ ݔ ൑ 22.50                 (10) 

ߙ ൌ
ିହ଴ି௫ା√௫మାଶ଼଴௫

ଵ଴
 ; 13.89 ൑ ݔ ൑ 22.50                   (11) 

ହఈమି଻଴ఈାଶସହ

ఈା଻
ൌ 22.50 ;ݔ ൑ ݔ ൑ 35                         (12) 

ߙ ൌ
଻଴ା௫ି√௫మାଶ଼଴௫

ଵ଴
 ; 22.50 ൑ ݔ ൑ 35                   (13) 

ሻݔሺܨ ൌ

ە
۔

ۓ
ିହ଴ି௫ା√௫మାଶ଼଴௫

ଵ଴
13.89 ൑ ݔ ൑ 22.50

଻଴ା௫ି√௫మାଶ଼଴௫

ଵ଴
22.50 ൑ ݔ ൑ 	35

0 ݁ݏ݅ݓݎ݄݁ݐ݋

   (14) 

 

Q.2 In master-slave type haptics system, both displacement and force are controlled. Fuzzy 

control is applied to determine the required voltage, v, to drive a dc motor of the slave robot in a 

haptics system. The inputs of the fuzzy controller are position error, p, and force error, f, of the 

slave robot compared with the master robot.  

Position error is categorized as Negative Large (NL), Negative Medium (NM), Negative Small 

(NS), Zero (Z), Positive Small (PS), Positive Medium (PM), Positive Large (PL). Force error is 

categorized as Negative (N), Zero (Z), Positive (P). All the membership functions are shown 

below. 
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Fuzzy Inference Rule with the output of the singleton-type required voltage is given below. 

                                  Force Error 

Position Error 

N Z P 

NL 10 9 1 

NM 7 6 1 

NS 4 3 1 

Z 1 0 -1 

PS -1 -3 -4 

PM -1 -6 -7 

PL -1 -9 -10 

 

Determine the required voltage if the position error is detected -45 mm and the force error is 

detected -20 N.                                                           (25) 

Solution 

 

    Degree of Membership of 
         Displacement Error 
 

                   1         NL        NM      NS     Z        PS     PM         PL 
 
 
 

                 0.5 
 
 

                    0                                                                                                     Displacement Error (mm) 
                                 -60      -40     -20       0       20      40       60             

    Degree of Membership of 
            Force Error 
 

                   1        N                               Z                                    P 
 
 
 
 
                 0.5 
 
 

                    0                                                                                                     Force Error (N) 
                                       -50                     0                    50             
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                        Force Error (-20N) 

Position Error(-45) 

N (0.4) Z (0.6) P (0) 

NL (0.25) 10 (0.25) 9 (0.25) 1 (0) 

NM (0.75) 7 (0.4) 6 (0.6) 1 (0) 

NS (0) 4 (0) 3 (0) 1 (0) 

Z (0) 1 (0) 0 (0) -1 (0) 

PS (0) -1 (0) -3 (0) -4 (0) 

PM (0) -1 (0) -6 (0) -7 (0) 

PL (0) -1 (0) -9 (0) -10 (0) 

 

Determine 

ݒ ൌ
ሾ଴.ଶହൈଵ଴ሿାሾ଴.ଶହൈଽሿାሾ଴.ସൈ଻ሿାሾ଴.଺ൈ଺ሿ

ሾ଴.ଶହሿାሾ଴.ଶହሿାሾ଴.ସሿାሾ଴.଺ሿ
ൌ 7.43	ܸ                     (1) 

Q.3 AIT student union is organizing a trip from AIT to Pattaya city as shown in the below 

map. There are many routes to go to Pattaya depending upon the selected criteria; e.g. distance, 

time, cost, etc.   

 

 

 

 

 

 

 

 

 

 

 

 

Pattaya (P) 

Chonburi (C) 

AIT Bangna (B) 

Dindaeng (D) 

Samutprakan (S) 
J1 

J2 

50 km, 140 km/h, 60 Baht 

Note! 
10 km, 120 km/h, 60 Baht: distance = 10 km, speed limit = 120 km/h, toll fee = 60 Baht 

15 km, 120 km/h, 50 Baht 40 km, 110 km/h, 100 Baht 

60 km, 120 km/h, 110 Baht 

6 km, 140 km/h, 0 Baht 

100 km, 110 km/h, 50 Baht 

8 km, 110 km/h, 50 Baht 

40 km, 140 km/h, 0 Baht 

110 km, 140 km/h, 60 Baht 

10 km, 120 km/h, 20 Baht 

10 km, 80 km/h, 0 Baht 

30 km, 80 km/h, 0 Baht 



 5

(a) Determine the best route by branch-and-bound method using short travelling time as the 

criteria. Draw the search tree and label the order of node opening.         (25) 

Solution 

(a) Determine travelling time using distance/speed limit.   
 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                                AIT  
                                                                                                                (1) 
 
                                            B(30)                                                     D(21.82)                                                        J1(21.43) 
                                             (10)                                                            (3)                                                                (2) 
 
                              D(37.5)                    S(34.36)                  J1(26.82)                B(29.32)               D(26.43)                  S(24)               J2(68.57) 
                                 (16)                           (13)                   (6)                             (8)                        (5)                             (4)                       (20) 
 
                              J1(42.5)     C(88.95) J1(36.93)  J2(73.96)       S(29.39)            S(33.68)          B(33.93)    B(28.36) C(78.55) C(76.07) P(85.71) 
                                 (18)                            (15)           (21)               (9)                    (11)                  (12)               (7)        (23)       (22) 
 
           J2(89.64)      S(45.07)      D(41.93)        J2(84.07)     C(81.46)      P(91.10)    B(33.75)    C(83.94) C(88.23)  J1(36.25) S(38.29) D(35.86) J2(86.05) P(101.05)    P(98.57) S(130.62) 

                         (19)                            (27)       (24)                                    (26)               (14)     (17) 
 
                      C(99.62)  C(91.57) P(101.21) P(103.96) S(136.01) J2(91.44) P(106.44) J2(83.39) C(92.84) 
                                                                                                                                          (25) 
 
                                                                                                                               C(90.89)  P(100.53) 

The best route is AIT-J1-J2-P 
 
(b) Determine the best route by dynamic programming method using cheap travelling cost as the 

criteria. When the travelling cost is the summation of toll fee and gasoline cost. Use gasoline cost 

of 3 Baht per one kilometer. Draw the search tree and label the order of node opening.      (25) 

Chonburi (C) 

AIT Bangna (B) 

Dindaeng (D) 

Samutprakan (S) 
J1 

J2 

50 km, 140 km/h, 60 Baht, 
21.43 minutes, 210 Baht

Note! 
10 km, 120 km/h, 60 Baht, 5 minutes, 90 Baht:  
distance = 10 km, speed limit = 120 km/h, toll fee = 60 Baht, travelling time = 5 minutes, travelling cost = 90 Baht 

15 km, 120 km/h, 50 Baht, 
7.5 minutes, 95 Baht 

40 km, 110 km/h, 100 Baht,  
21.82 minutes, 220 Baht

60 km, 120 km/h, 110 Baht, 30 minutes, 290 Baht 

6 km, 140 km/h, 0 Baht, 
2.57 minutes, 18 Baht 

100 km, 110 km/h, 50 Baht, 
54.55 minutes, 350 Baht

8 km, 110 km/h, 50 Baht, 
4.36 minutes, 74 Baht

40 km, 140 km/h, 0 Baht, 
17.14 minutes, 120 Baht

110 km, 140 km/h, 60 Baht, 
47.14 minutes, 390 Baht 

10 km, 120 km/h, 20 Baht, 
5 minutes, 50 Baht 

10 km, 80 km/h, 0 Baht, 
7.5 minutes, 30 Baht 

30 km, 80 km/h, 0 Baht, 
22.50 minutes, 90 Baht

Pattaya (P) 
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Solution 

(b) Determine travelling cost using summation of toll fee and 3xdistance.   
 
                                                                                                                AIT  
                                                                                                                (1) 
 
                                            B(290)                                                     D(220)                                                        J1(210) 
                                             (5)                                                            (3)                                                                (2) 
 
                              D(385)                    S(364)                        J1(270)                B(315)                    D(260)                  S(228)               J2(600) 
                                                                                                                                                                                           (4)                        (7) 
 
                                                                                                                                                                                  B(302)  C(578) C(630) P(720) 
                                                                                                                                                                                                  (6)        
 
                                                                                                                                                                                                                    J2(608)         P(668)     
                          

The best route is AIT-J1-S-C-P 
 
 
 
 


