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A. Figure A-1 shows the two identical bases, A and B, fixed on the horizontal surface. The
horizontal distance between A and B is L. Design a structure on both A and B which holds
a particle D weighing W in the perpendicular bisector C of A and B. The structure may be
constructed by one member or some members with joints. You may treat the problem as
two-dimensional structure but include the depth of every member. You may show more than
one structure. Answer the following questions.

1) Draw the proposed structure with the parameters of its lengths and physical properties. You
may ignore the length of small member.

2) Consider the stress of each member and discuss where the maximum or large (f needed)
stress acts.

3) Estimate the displacement of each member. State the effect of D.
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B. Design the control circuitry for a differential-drive, two-wheeled mobile robot capable of
moving forward and backward. Each wheel is driven by a DC motor, and a microcontroller
is used to implement a speed control system for each wheel. Let the wheel radius be (1),
and assume that the motor shaft is connected to the wheel via a gearbox with a reduction

ratio of (1/n).
Answer the following questions.

(1) Describe the type(s) of sensor(s) used to realize wheel speed control and explain their basic
functions. In addition, design the type and number of I/O ports required on the

microcontroller to accept the sensor signals, and justify your choices.

(2) Define the basic performance specifications of the sensor(s) and specify the mounting
location(s) (i.e., which part(s) of the robot) for the sensor(s). Furthermore, provide the

formula for calculating the wheel linear speed from the defined sensor outputs.

(3) Adopt PWM (pulse-width modulation) for motor speed control. Assume that the motor
driver uses transistors or MOSFETSs. In this case, specify the number of output I/O ports
required on the microcontroller and describe the basic required characteristics of each.
Additionally, list all components needed to build the circuit from the microcontroller to the

motor drive, and draw the circuit diagram.

(4) Explain how the speed feedback gain is used when implementing wheel speed control using

sensor information. You may include equations; if so, define all symbols used.
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1 #include <stdio.h>

2 #include <stdlib.h>

3

4 int search(int value, int *data, int len) {

5 /* 222 %/

6}

7

8 int main(int argc, char const *argv[]) { //omitting error handling
9 int value = atoi(argv[1]);

10 int data[1e] = {-5, -2, 4, 5, 5, 6, 7, 7, 8, 9}; //sorted
11 int ans = search(value, data, 190);

12 printf("%d¥n", ans);
13 exit(0);
14 }

(1) PRI L LT, data DEEFEN value & T 50% 1 2T v 7 A0 D HIAEICH
R, =LA T v AEIRL, REETHLARTIIE-1 KT search BI% % 324k
H & BEARICEERERE LRSS 2 L. A% % Python %W\ C++Triak L
TRELTH XV

(2 VoJFHEE, Eita— RO X5 data OEFEEKD 10 HFEE TH D &7 H MEIER ),
data DERENETT, BERDEL VRO I VFEECBERZ - FNI V. 22T, &
DEROINT LT ALEOEORL, SETHHAY L. £, o7 AT Y XL 0E
BIRP LV atiE L. ok, 22T ) RO XS] LT, value DIEZ T & LTk
ATESE, KRR EDN NS R EEEKRT 5.

B @o7Tnaly XAT, (DREE, search B % F23Ew K. BRAMICITBEE 2K EZ RIS 2
& A% 72 B4 % Python 5 WM CH TRt L TIEE L TH LWy, 713U XADEL
DS GBS A Y v R 2T AT T UNLRATHEA L IR LR,



C.

The search function in the following code takes an array data (the number of elements is
the argument len) sorted in ascending order. Then it returns the index of the element whose
value matches the argument value. For example, if value=-5, it returns 0, and if value=6,
it returns 5. Also, if value does not exist in data, it returns -1. If value exists more than
once in data, it returns one of the indexes. For example, if value=-3, it returns -1, and if

value=5, it returns either 3 or 4. Which index is returned can be determined by the

implementation.
1 #include <stdio.h>
2 #include <stdlib.h>
3
4 int search(int value, int *data, int len) {
5 /* 2 %/
6}
7
8 int main(int argc, char const *argv[]) { //omitting error handling
9 int value = atoi(argv[1]);
10 int data[10] = {-5, -2, 4, 5, 5, 6, 7, 7, 8, 9}; //sorted
11 int ans = search(value, data, 190);
12 printf("%d¥n", ans);
13 exit(0);
14 }
(1) As a simple implementation, write the search function that checks whether each element

&)

3

of data matches value from index © to 1len-1. When it finds a matched index, it returns
the index immediately, otherwise it returns -1. Please show the entire function on the

answer sheet. You may also answer by writing an equivalent function in Python or C++.

The implementation of (1) works without any problem when the number of elements in
data is around 10. However, when the number of elements in data is tens of thousands or
hundreds of millions, it is better to replace it with a more efficient implementation. Think
of a more efficient algorithm and explain it in words. Also, explain why that algorithm is
efficient. Note that "efficiency" here means that the expected calculation time is shorter

when the value of value is chosen randomly.

Implement the search function using the algorithm in (2). Write the entire function on
the answer sheet. You may also write an equivalent function in Python or C++, but you

should not use library functions or methods that contain large parts of the algorithm.
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int search(int key, int *data, int len) {
for(int i=0; i<len; i++) {
if(key == data[i]){
return i;
}
}

return -1;
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int search(int value, int *data, int len) {
int left = 0;
int right = len;
int pos = len/2;
int prev = -1;
while(prev != pos) {
prev = pos;

if(data[pos] == value) return pos;
else if (data[pos] < value) left = pos;
else right = pos;
pos = (right + left)/2;

}

return -1;




